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SECONAL® SODIUM 


secobarbital sodium, Lilly) 


when the patient 
must sleep 


Probably the most frequent type of insomnia is sleep- 
lessness caused not by physical discomfort but by 
mental unrest. Seconal Sodium is particularly useful 
in such cases. Sleep, once started, usually continues 
throughout the night. The patient awakens feeling re- 
freshed and free from aftereffects. 

Seconal Sodium, in adequate dosage, usually brings 
sleep within fifteen to twenty minutes. Rarely is more 
than 0.1 Gm. (1 1/2 grains) needed, and often 0.05 
Gm. (3/4 grain) is sufficient. 


TUINAL® 


(amobarbital sodium and secobarbital sodium, Lilly) 


when sleep 
must be sustained 


Occasionally, when the insomnia is of a more complex 
nature, the patient has difficulty in falling asleep and 
may also awaken in the early hours. This type of 
insomnia usually responds to Tuinal—a combination 
of rapid-acting Seconal Sodium and moderately long- 
acting Amytal® Sodium. 

Tuinal may be given in doses of 0.1 Gm. (1 1/2 
grains) for less severe cases. For more profound hyp- 
nosis of longer duration, the 0.2-Gm. (3-grain) Pul- 
vule® may be used. 


Amytal® Sodium (amobarbital sodium, Lilly) 
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tranguilizer-induced 
parkinsonism... 


reversed with COGENTI 


Moth 


without lowering phenothiazine dosage 


“When rigidity and tremors are in the 
foreground, and especially in combina- 
tion with sialorrhea .. .(COGENTIN] gave 
prompt relief in 86% ...”' of patients 
with tranquilizer-induced parkinsonism. 


® important: With CoGENTIN, parkinsonism 


can often be reversed without reducing 
phenothiazine dosage.? A most power- 
ful antispasmodic,? its long cumulative 
action is unusually well tolerated.* 


Before prescribing or administering COGENTIN, 
the physician should consult the detailed in- 
formation on use accompanying the package 
or available on request. 

Supplied: Tablets COGENTIN (quarterscored), 
2 mg., botties of 100 and 1000. New dose 
form: Injection COGENTIN, 1 mg. per cc., 
ampuls of 2 cc., boxes of 6. 

References: 1. Kruse, W.: Dis. Nerv. System 
21:79, 1960. 2. Ayd, F. J., Jr.: Clin. Med. 6:387, 
1959. 3. Brock, S. (Moderator): Ball. New York 
Acad. Med. 32:202, 1956. 4. Doshay, L. J. 
and Boshes, L.: Postgrad. Med. 27:602, 1960. 
COGENTIN is a trademark of Merck & Co., Inc. 


@} MERCK SHARP & DOHME 
Division of Merck & Co., INC., West Point, Pa. 
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FROM HONEYWELL... 


4 Electronic medical 
instrumentation 


Now available from Honeywell —a world leader 
in the field of precision electronic equipment — is a 
complete line of medical instrumentation designed to 
greatly improve your capabilities for measuring and 
recording physiological functions. Currently in produc- 
tion are coordinated systems for the following measure- 
ments: 


Body temperatures * Respiration rate, flow, and vol- 
ume * Chest expansion * Blood dye curve measure- 
ments * Phonocardiography (PCG) ¢ Pulse rate ¢ 
Electromyography (EMG) «¢ Nerve potentials « Elec- 
troencephalography (EEG) ¢ QO: content of blood 
(Oximetry) ¢ Skin temperatures ¢ Electrocardiography 
(EKG) ¢ Pressures — stomach, intestinal, muscular, 
uterine * Dynamic blood pressures (arterial and ven- 
ous) *¢ Ballistocardiography (BCG). 


When you order a Honeywell Electronic Medical 
System, you get more than just components — you get 
a complete, integrated system, ready to plug in and 
use. In addition, your purchase includes an interest by 
Honeywell which extends beyond the sale to successful 
operation. Honeywell branch offices— from coast to 
coast, across Canada, and around the world — are 
staffed with skilled technicians, equipped to make 
emergency repairs or render periodic service to your 
system. 
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For further information and assistance in determining 
which Honeywell Electronic Medical System will best fill 
your requirements, please contact: 


Minneapolis-Honeywell, Heiland Division 
5200 E. Evans Ave., Denver 22, Colorado 


Honeywell 
Medical 
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BRAND OF PRIMIDONE 


CLEAR EXPRESSION OF CONTROL 


44The most important drug to be introduced in recent years... 
This is the drug of choice in the treatment of psychomotor 
epilepsy and in focal seizures, and is of particular value 
in the handling of intractable cases of grand mal epilepsy.99* 


Employed alone or in combination, intractable to maximal doses of other anti- 
“Mysoline” exhibits dramatic effective- convulsants. Virtual freedom from toxic re- 
ness, often where epilepsy has remained actions is assured by a wide safety margin. 


*Forster, F. M.: Wisconsin M. J. 58:375 (July) 1959, Literature and bibliography on request. 


AYERST LABORATORIES NEW YORK 16, N. Y. MONTREAL, CANADA 
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ct m, “Mysoline” is available in the United States by arrangement with Imperial Chemical Industries, Ltd. 


For further details turn to page 14A 
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stituted to provide a medium for prompt pub- 
lication of articles dealing with neurology and 
its cognate fields and to stimulate individual 
investigation in these various fields. 
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Parkinson’s 
Disease 


ARTANE is well suited to the needs of the greatest number of 
patients.* Improves rigidity, akinesia and mental depression. 
Controls oculogyria ... remarkably free of toxic reactions. 


Indicated: All types of Parkinsonism, and to control extra- 
Pyramidal reactions in ataractic therapy. Supplied: 
Tablets, 2 mg. and 5 mg.; Elixir, 2 mg./5 cc. tsp. 1. 


Constable, K.; J. Am. M. Women’s A. 15:757 (Aug.) 1960. 


2. Critchley, M.: Brit. M. J. 2:1214 (Nov. 15) 1958. 


Request complete information on 
indications, dosage, precautions 
and contraindications from your 
Lederle Representative or write 
to Medical Advisory Department. 
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TRAVENOL LABORATORIES, INC. - Morton Grove, Illinois 


30% urea—lyophilized and specially processed in TRAVERT® (invert sugar solution 10% in water) 


UREVERT 
CAN SAVE LIFE 


BY RELIEVING CEREBRAL EDEMA IN PREOPERATIVE 
MORIBUND STATES...SUBSEQUENT TO BRAIN SURGERY... 
IN LEAD ENCEPHALOPATHY AND FROM OTHER CAUSES 


Because UREVERT works by osmosis, it can 
relieve cerebral edema in cases unavailable to 
surgical intervention. UREVERT significantly 
reduces brain volume, which provides a larger 
operative field and facilitates instrumentation. 
Because less retraction and manipulation of 
the brain is required, recovery from operation 
is more rapid and complete. 


UREVERT 30% urea—lyophilized and specially 
processed in TRAVERT (invert sugar solution 
10% in water). Supplied in kit form, ready for 
rapid reconstitution. 


Complete information on UREVERT is available 
from any TRAVENOL representative, or from our 
Professional Service Department. 

Cautions: 1. In older patients, do not use lower extremity 
infusion. 2. UREVERT may temporarily maintain blood 
pressure in spite of considerable blood loss. 
Contraindications: 1. Severely impaired renal or hepatic 


function. 2. Active intracranial bleeding. 3. Marked 
dehydration. 


Bibliography: 1. Javid, M.; Settlage, P., and Monfore, T.: 
Surgical Forum 7:528, 1957. 2. Javid, M., and Settlage, P.: 
Tr. Am. Neurol. A. 1957, 82:151. 3. Javid, M.: Surg. Clin. 
North Am. 38:907 (Aug.) 1958. 4. Taheri, Z. E.: J. Internat. 
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K:ffects of drugs on secondary 


epileptogenic lesions 


Frank Morrell, M.D., and Lowell Baker 


IN THE NATURAL HisTORY of focal epilepsy, 
there is a well-known tendency for gradual 
development of “secondary” areas of paroxys- 
mal discharge.'-'* The most common mani- 
festation of such secondary lesions is the ap- 
pearance of spontaneous epileptiform activity 
in a cortical region contralateral and homo- 
topic with a known discharging lesion of one 
hemisphere. A distribution suggesting callosal 
mediation'*-'* has been found in the after- 
discharges elicited by direct electrical stimula- 
tion!®-*! as well as in the chronic experiments 
cited above. 

In man, even when a specific etiology for 
the focal epilepsy may reasonably be inferred, 
the interpretation of secondary epileptogenesis 
is complicated by lack of definite knowledge 
that the original or primary lesion was the only 
area directly traumatized. Thus, when the 
electroencephalographer observes an active 
discharging focus in one hemisphere and a less 
prominent focus in the homotopic region of 
the opposite hemisphere, he cannot be sure 
that the less active focus was not directly dam- 
aged by the same (or other) external agent 
which produced the original lesion. The lesser 
activity or later appearance of secondary dis- 
charge might be due to less severe damage 


and/or slower “maturation” of the convulsoid 
property. 

When methods became available for pro- 
ducing chronic experimental focal epilepsy in 
animals,*-9.10.12,22-24 some of this uncertainty 
could be eliminated and it was possible to 
clearly demonstrate that true secondary lesions 
could arise as a result of an epileptogenic le- 
sion strictly limited to a small area of one cere- 
bral hemisphere,‘ confirming an older hy- 
pothesis of Moruzzi.?5 Frequently, the parox- 
ysmal discharge in the secondary region was 
clearly related, spike-for-spike, to the primary 
discharge, suggesting that it was a “reflection” 
of the primary epileptic activity, that is, an 
evoked potential elicited by synchronous firing 
of the epileptogenic zone to a normal cortical 
region connected with the primary area by 
massive commissural tracts. The area of sec- 


From the Division of Neurology and the Department of 
Physiology, University of Minnesota Medical School, Min- 
neapolis. 

This work was supported in part by Grants B1953 and 
B2616 from the U.S. Public Health Service and by the 
Teagle Foundation. 

Dr. Morrell’s present address is the Division of Neurology, 
Stanford Medical Center, Palo Alto, Calif. 

Read at the thirteenth annual meeting of the American 
Academy of Neurology, Detroit, April 27, 1961. 


651 


4 
3 
qq 
4 


652 


ondary discharge was therefore termed a “mir- 
ror focus.” However, many investigators*-*-!°. 
11,1314 noted that eventually the secondary le- 
sion became independent of the primary dis- 
charge in that epileptiform spikes were unre- 
lated in time to those in the primary lesion and 
that surgical excision of the latter did not re- 
sult in disappearance of secondary discharge. 
When this occurred, the secondary lesion was 
considered independent, that is, it had devel- 
oped _self-perpetuating epileptogenic proper- 
ties of its own. From a clinical point of view, 
the appearance of an independent secondary 
lesion has enormous prognostic significance. It 
renders surgical intervention less likely to ef- 
fect a cure®.*6.27 and represents a true exten- 
sion of epileptic pathology to distant areas of 
the Since there is evidence*:** 
that two such lesions mutually facilitate one 
another and since it is known that discharging 
lesions disrupt normal neural functions,?°-* it 
is likely that more aspects of behavior and 
performance would be adversely affected and 
that medical control would be more difficult. 
Although the homotopic cortical focus has 
been the most widely studied, Wada and Cor- 
nelius'* have shown that independent second- 
ary lesions may be also established in thala- 
mic nuclei anatomically related to a cortical 
primary lesion. 

Previous studies in animals® have indicated 
that early surgical excision of a primary lesion 
may prevent development of a secondary dis- 
charge. However, in the clinical situation, 
most patients are treated medically rather than 
surgically. It seemed highly pertinent, there- 
fore, to determine whether chronic administra- 
tion of anticonvulsant drugs could also pre- 
vent or retard the establishment of independ- 
ent secondary lesions. For example, if anti- 
convulsant drugs were found not to retard 
this natural evolution and spread of the epi- 
leptic process despite their control of the phy- 
sical and behavioral expression of the disease, 
one might question the wisdom of long-term 
medical treatment in a patient with a discrete 
and surgically accessible unilateral focus. 
Eventually, such a patient would be expected 
to become refractory to anticonvulsant ther- 
apy, to have an additional seizure pattern, and 
to have greater performance or behavioral def- 
icits. On the other hand, if anticonvulsant 
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drugs do retard secondary epileptogenesis, 
that is, not only prevent clinical manifesta- 
tions but also prevent further progression of 
disease, one is obviously justified in depend- 
ing upon medical therapy as long as symptoms 
are controlled. Of course, various drugs may 
differ in effectiveness with respect to the pa- 
rameter with which we are here concerned. 
The present report describes the effect of the 
anticonvulsants phenobarbital and diphenyl- 
hydantoin (Dilantin) and, as a comparison, 
chlorpromazine (Thorazine) on the develop- 
ment of secondary epileptogenesis. 


METHOD 


A total of 50 male guinea pigs 500 to 700 
gm. in weight was used; 20 animals served as 
a control group, and the rest were divided 
into 3 groups of 10 each for the 3 drug condi- 
tions. 

Under sterile precautions and ether anes- 
thesia, all animals were prepared with chronic 
epileptogenic lesions. A 5-mm. burr hole al- 
lowed introduction of 0.05 cc. of aluminum 
hydroxide gel under the pia in a manner such 
that a small white bleb was visible under the 
pial membrane. When the needle was with- 
drawn, some of the alumina gel extruded back 
through the opening so that the amount re- 
maining in contact with brain was somewhat 
less than 0.05 cc. The exposed brain surface 
was then sprayed with ethyl chloride for one 


minute. Combination of the alumina gel tech- 
nict-10,22,23 


with local cortical freezing®:!*-24 
insured an extremely active lesion having the 
rapid onset associated with freezing and the 
long-lasting effect of the alumina gel. The po- 
tency of these combined methods is illustrated 
by the fact that primary lesions failed to de- 
velop in only 2 of the 50 animals. Lesions 
were made unilaterally in the left hemisphere. 
They were placed anteriorly over the motor 
cortex in half the animals in each group and 
posteriorly over the visual cortex in the rest. 

Immediately after surgery, the animals were 
placed in special cages and given the appro- 
priate drug; 1 group (10 animals) received 
20 mg. of phenobarbital per animal per day, 
a second group (10 animals) received 40 mg. 
of diphenylhydantoin per animal per day, 
and a third group (10 animals) received 10 
mg. of chlorpromazine per animal per day. 
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EFFECTS OF DRUGS ON SECONDARY EPILEPTOGENIC LESIONS 


Drugs were given orally mixed with Purina 
Guinea Pig Chow moistened with Karo syrup. 
The oral route of administration was chosen 
after it was found that daily intraperitoneal or 
intramuscular injections were associated with 
poor feeding, weight loss, and demise of a 
large proportion of the animals. Oral adminis- 
tration made it difficult to insure an exact 
milligram per kilogram of body weight dosage 
and therefore the compromise of the total uni- 
form daily dosage for all animals was adopted. 
The dose of each drug was determined by the 
largest amount which could be given intra- 
peritoneally without producing signs of acute 
toxicity. The amount so determined was 
doubled to make the full daily oral dose for 
each animal. 

Medication was maintained for one month, 
after which an electroencephalographic trac- 
ing was obtained in the waking unanesthetized 
state. Medication was then discontinued 
abruptly, and, four to seven days later, a re- 
peat electroencephalogram was done. The con- 
trol animals were kept under identical cir- 
cumstances except for the medication; 10 of 
the controls were kept for one month, after 
which an electroencephalographic tracing was 
obtained. These animals were then placed on 
phenobarbital (same dosage as the original 
drug group) for a further four weeks. As with 
the other drug groups, these animals were 
subjected to electrical recordings at the end 
of four weeks while still on medication and 
again four to seven days after discontinuation 
of the drug. The remaining 10 control animals 
had electroencephalograms two months after 
placement of the epileptogenic lesion. The lat- 
ter group provides a standard for measure- 
ment of a two-month time interval in the natu- 
ral history of the disease for comparison with 
the group placed on phenobarbital after a 
drug-free period of one month. 

Animals were awake and _ unanesthetized 
during all electroencephalographic recordings. 
The equipment used was a conventional elec- 
troencephalograph and a dual-beam cathode 
ray oscilloscope arranged so that any 2 elec- 
trode pairs or any 2 channels could be moni- 
tored simultaneously on the cathode ray tube. 
The electrodes were stainless steel screws in- 
serted directly in the calvarium; 3 electrodes 
were placed over each hemisphere and distrib- 
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uted symmetrically. Comparable electrode 
designations and placements were used in all 
animals (see figures). Electrodes 1, 3, and 5 
were always over the left hemisphere and 2, 
4, and 6 were the corresponding, homotopic 
recording sites on the right. Sites 1 and 2 were 


4-2 


Fig. 1. Early signs of primary and secondary 
epileptogenic lesions in guinea pig. During 
first week [A], rather slow sharp waves ap- 
peared focally at electrode 3. There was no 
evidence of abnormality in opposite hemi- 
sphere. In second week [B], paroxysmal ac- 
tivity at primary lesion (electrode 3) be- 
came more spike-like and of shorter dura- 
tion, but there was still no clear evidence of 
contralateral homotopic discharge. At end of 
third week [C], spikes in primary lesion 
were more frequent and still shorter in du- 
ration and, in addition, focal slow waves 
were observed in homotopic region of oppo- 
site hemisphere (electrode 4). There is an 
cloctmensiinanisiiie artifact in channel 3 of 


fection B. Calibration: 50 uv. and one sec- 
dnd. For convenience, same electrode desig- 
» has been used in all figures. Areas 
from which these electrodes derive are out- 
lined in text. Linkage is bipolar as indicated 
in channel designations. 
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left and right anterior motor region, respec- 
tively; sites 3 and 4 derived from the posterior 
limit of motor cortex or anterior somatic senso- 
ry region and sites 5 and 6 from the visual 
cortex. The primary lesion was always on the 
left and was either adjacent to electrode 3 
(between 1 and 3) or electrode 5 (between 3 
and 5). 

Photic stimulation with various flash fre- 
quencies was routinely performed during the 
recording. 


RESULTS 


I. Behavioral observations. No specific be- 
havioral testing was done. Each animal was 
examined for ataxia and nystagmus. Nystag- 
mus was not found in any of the animals. Sev- 
eral in the phenobarbital group were found 
mildly and intermittently ataxic. Animals re- 
ceiving Dilantin were noticably hyperactive, 
tended to react violently to adventitious 
sounds, and were difficult to keep still during 
the electroencephalographic recording. Fre- 
quent clinical seizures were noted in the con- 
trol and Thorazine groups; in the former, 
these were usually focal, while, in the latter, 
they were bilaterally symmetric and myoclonic 
in type. Animals in the phenobarbital group 
tended to be placid and lethargic and ate less 
vigorously than the other animals. However, 
all of the animals gained weight during the 
period of observation. 

II. Electrographic observations. The evolu- 
tion of electrical signs of epileptic discharge in 
the guinea pig was essentially similar to that 
previously described for the rabbit when the 
ethyl chloride procedure alone was used to 
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produce the epileptogenic lesion.*.2* During 
the first week (Fig. 1A), rather slow, sharp 
waves appeared focally at electrode 3 which 
was the site of the primary lesion. There was 
no evidence of abnormality in the opposite 
hemisphere. In the second week (Fig. 1B), the 
paroxysmal activity at the primary lesion be- 
came more spike-like and of shorter duration, 
but there was still no clear evidence of con- 
tralateral homotopic discharge. At the end of 
the third week (Fig. 1C), the spikes in the 
primary lesion were more frequent and still 
shorter in duration and, in addition, focal slow 
waves were observed in the homotopic re- 
gion of the opposite hemisphere (electrode 4). 
Progressive shortening of spike duration was 
commonly observed when the lesions were 
small and very discrete. With larger lesions, 
the spike duration tended to remain longer 
and continuous slow activity was more promi- 
nent. Abnormality in the mirror region was 
often first expressed in the form of focal slow 
waves, as in Figure 1C, which gradually gave 
way to high voltage paroxysmal spikes (Fig. 
2). Sometimes, however, when the primary le- 
sion was small, there was no phase of slow 
wave alteration in the mirror region and the 
first evidence of abnormality was the appear- 
ance of brief, sharp, epileptiform spikes arising 
out of a normal background with a latency of 
8 to 16 msec. (measured from cathode ray os- 
cillograph recordings) from the peak of the 
negative phase of the primary spike. 

The tracing illustrated in Figure 2 is from 
an animal with a larger than usual primary le- 
sion which involved much of the cortical sur- 
face between electrodes 3 and 5. Channel 2, 
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Fig. 2. Independent primary and secondary discharge. This animal had a larger than usual le- 
sion which extended between electrodes 3 and 5. Channel 2 therefore is virtually isopotential 
with respect to abnormality. Continuous rhythmic slow and spike disturbance was present in 
left hemisphere, reversing phase across the isopotential zone between electrodes 3 and 5. An 
independent slow wave and spike abnormality was present at electrode 4 in opposite hemisphere. 


Calibration: 50 wv. and one second 
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Fig. 3. Flip-flop phenomenon. A seizure discharge beginning at site of primary lesion (electrode 
3, A) gradually builds up in the left hemisphere, lasts about eight seconds, and then suddenly 
subsides to give way to a seizure discharge of a totally different configuration [B] originating in 
the secondary region of the right hemisphere. A movement artifact was deleted from tracing be- 
tween A and B, but otherwise record is continuous. Calibration: 50 ~v. and one second 


therefore, is virtually isopotential with respect 
to the abnormality. A continuous rhythmic 
slow and spike disturbance was present in the 
left hemisphere reversing phase across the iso- 
potential zone between electrodes 3 and 5. An 
independent slow wave and spike abnormality 
was present at electrode 4 in the opposite 
hemisphere. 

When the sporadic, more or less random 
spike characterizing the “resting” epileptogen- 
ic lesion undergoes a spontaneous (or strobo- 
scopically induced) alteration in pattern such 
that the discharge becomes more rhythmic and 
of higher frequency, the new configuration is 
spoken of as an electrographic seizure. De- 
pending upon the degree of propagation down 
efferent motor pathways, the electrographic 
seizure may or may not be associated with 
clinical convulsive manifestations. In either 
case, once an independent mirror focus had 


been established, the occurrence of electro- 
graphic seizures allowed visualization of some 
interesting interrelationships between primary 
and secondary areas. For example, the appear- 
ance of a rhythmic high frequency alteration 
in one epileptogenic zone was frequently asso- 
ciated with a suppression of random spikes at 
the contralateral point. Cessation of the local- 
ized seizure discharge might occur quite sud- 
denly (Fig. 3A) coincident with the appear- 
ance of an electrographic seizure usually hav- 
ing a somewhat different configuration in the 
contralateral homotopic focus (Fig. 3B). Fig- 
ure 3 illustrates this “flip-flop phenomenon”> 
in an animal with an anterior lesion, and Fig- 
ure 4 demonstrates a similiar shift in one with 
a posterior lesion. 

The primary lesion was not always the site 
of maximum abnormality. The tracing illus- 
trated in Figure 5 is from an animal in which 
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the primary lesion was placed just anterior to 
electrode 3. In this animal, the secondary 
focus (electrode 4) became much more active 
than the primary and, in the segment of rec- 
ord shown, the secondary spikes appeared to 
be “driving” those arising from the primary 
site. An active secondary region may also be 
the pace-maker and dominant partner in the 
flip-flop phenomenon (Fig. 6). 

Such interrelationships were not confined to 
the primary and secondary cortical zones but 
presumably involved subcortical systems as 
well. Figure 7 provides 2 examples (A and B) 
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in which epileptiform activity began in the 
secondary focus (electrode 4), then spread to 
the contralateral homotopic point of electrode 
3, after which sudden generalization into bi- 
laterally synchronous discharge occurred 
which involved all cortical recording points. 
Once initiated, the synchronous character of 
the burst suggested that subcortical as well as 
transcortical pathways were implicated. This 
particular pattern of generalization was seen 
most frequently in Thorazine-treated animals, 
although it also occurred occasionally in the 
control and Dilantin groups. It was not seen 
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Fig. 4. Independent primary and secondary discharge, posterior lesion. Paroxysm of sharp spikes 
arising at electrode 5 followed by rhythmic spike and slow waves showing phase reversal at elec- 
trode 6. Large deflection in all channels indicated by arrow is probably a movement artifact. Cal- 


ibration: 50 wv. and one second 
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Fig. 5. “Driving” of primary zone by secondary discharge. In this animal, secondary area be- 
came more active than primary. This segment of record shows primary discharge apparently “de- 
pendent” on secondary, although, in other sections of record, discharges appeared independently. 


Calibration: 50 uv. and one second 


Fig. 6. Flip-flop phenomenon in animal with posterior lesion in which secondary region is domi- 
nant. Focus of discharge shifts from side to side as indicated by circles. Calibration 50 uv. and 


one second 
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Fig. 7. Pattern of spread in propagating discharge. A and B are examples of epileptiform activity 
beginning in secondary lesion (electrode 4) which spreads first to contralateral homotopic point 
of electrode 3 and then to electrodes 5 and 6. Once started, synchrony of burst suggests that sub- 
cortical as well as transcortical pathways are probably involved. In B, there is late spread of ac- 
tivity to electrode 1 where discharge persists locally about one second after burst subsides. Cali- 


bration: 50 wv. and one second 


in any of the animals treated with phenobarbi- 
tal. 

Effect of drugs on development of second- 
ary lesions. In tabulating the results of these 
experiments, we were most concerned with 
evidence for independent secondary foci. 
Where “secondary focus” is checked as _posi- 
tive (+) in the tables, it always denoted an 
independent (on electrographic criteria) dis- 
charge. 

Of the 10 animals in the one-month control 
group, all had primary lesions and 9 had un- 
equivocal independent secondary discharge 
(Table 1). In the group maintained on pheno- 
barbital for one month, only 1 animal had evi- 
dence of secondary discharge while on medi- 
cation although such abnormality appeared in 
3 of the 10 when medication was withdrawn 
(Table 2). On the other hand, diphenylhydan- 
toin apparently had little influence on the 
process of secondary epileptogenesis since 8 
of the 10 animals, both on and off medication, 
had definite contralateral foci (Table 3). 

Chlorpromazine (Thorazine) of course is not 
an anticonvulsant and was included in this 
study to provide a comparison between the 
anticonvulsants and a drug known to have 
tranquilizing properties and to inhibit adren- 


ergic synaptic transmission.44 Table 4 indi- 
cates that on medication 3 animals were free 
of secondary lesions, while none were free 
when the drug was withdrawn. An interesting 


TABLE 1 
NATURAL EVOLUTION OF SECONDARY EPILEPTO- 
GENIC LESIONS (NO MEDICATION) 


-—Two months— 
Primary Secondary 
focus 


Primary Secondary 


Animal focus focus 


+ 


++ ++ 


-—One month. 
236 
299 
210 
212 
300 
248 
| 253 
237 
| 720 
234 
721 
723 
304 
303 
309 
724 
725 
726 
729 
728 
\ 
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TABLE 2 
EFFECT OF PHENOBARBITAL ON DEVELOPMENT 
OF SECONDARY EPILEPTOGENIC LESIONS 


medication—, _—Off medication—, 


Primary Secondary Primary Secondary 
Animal focus focus focus focus 
262 A 0 + 0 
JIS A + 0 0 
735 A + 0 + 0 
256 A 0 0 - 
257 A 0 0 
272 P + 0 + 0 
259 P + 0 
258 P + +4 + 
734 P 0 0 
727 P 0 0 


characteristic of the Thorazine-treated ani- 
mals, already alluded to from a_ behavioral 
standpoint, was the prominence of bilaterally 
symmetric myoclonic seizures. Photic stimula- 
tion frequently elicited bilaterally synchronous 
spike-wave discharge (Fig. 8), especially in 
animals with anterior lesions. However, clini- 
cal seizures were not always or even usually 
associated with such electrographic parox- 
ysms. Figure 9 depicts a section of electroen- 
cephalographic record from a Thorazine-treat- 
ed animal at a time when myoclonic episodes 
were occurring with striking regularity. Each 
convulsive twitch is recorded as an artifact 
(large deflections) superimposed upon the elec- 
troencephalographic tracing. The cerebral rhy- 
thms visible in the intervening segments do 
not reveal the presence of an electrographic 
seizure pattern, at least at the cortical level. 


TABLE 4 
EFFECT OF CHLORPROMAZINE ON DEVELOPMENT 
OF SECONDARY EPILEPTOGENIC LESIONS 


-—On medication—, 


-—Of medication, 


Primary Secondary Primary Secondary 
Animal focus focus focus focus 
273 A + + + oo 
270 A + + + + 
263 A + + 
265 A + + + he 
281 A + + + oo 
266 P + 0 
261 P + 0 + + 
269 P + + + + 
260 P + aad + + 
282 P + 0 


TABLE 3 
EFFECT OF DIPHENYLHYDANTOIN ON DEVELOP- 
MENT OF SECONDARY EPILEPTOGENIC LESIONS 


-—On medication—, -—Off medication—, 
Primary Secondary Primary Secondary 
Animal focus focus focus focus 


to 

= 

t 
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This dissociation provides further, though in- 
direct, support for the notion that subcortical 
pathways are primarily involved. It is interest- 
ing in this connection that Perot and Jasper* 
have found that systemic administration of 
Thorazine potentiates the spike-wave response 
elicited by direct thalamic stimulation. 

Effect of phenobarbital on previously es- 
tablished secondary lesions. Since phenobar- 
bital was the only drug which significantly re- 
tarded development of secondary lesions, it 
seemed worthwhile to determine its effect on 
a previously well-established independent sec- 
ondary discharge. The control group of 10 ani- 
mals, of which 9 had a definite mirror focus, 
was placed on 20mg. of phenobarbital per 
animal per day for one month. At the end of 
that period, tabulations from the electroen- 
cephalographic tracings on and off medication 
indicated that suppression of secondary dis- 
charge had occurred in 5 cases on medication 
and resolution of the abnormality was appar- 
ent in 4 cases even when the drug was totally 
withdrawn (Table 5). 

Figure 10 summarizes the over-all results 
graphically, and the grouped figures for the 


entire experiment are given in Table 6. 
DISCUSSION 


Before these findings can be analyzed in 
terms of statistically significant trends, it is 
necessary to first consider the reliability of 
each determination. The electrical morphology 
of epileptiform activity is too well known!-46.47 
to require discussion here. In the normal guin- 
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Fig. 8. Photic activation. Spike wave response to photic stimulation in guinea pig maintained on 
chronic Thorazine medication for one month after placement of epileptogenic lesion. Primary le- 
sion is in region of electrode 3. See text for further discussion. Calibration: 50 uv. and one second 
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Fig. 9. Rhythmic myoclonus in animal on Thorazine medication. Large deflections are movement 
artifacts associated with brief bilaterally symmetric twitch of extremities and flexion of head. 
Bipolar and monopolar linkages as indicated in channel designations are used. Channel 11 was re- 
cording poorly at this time. See text for further discussion. Calibration: 50 wv. and one second 


TABLE 5 
EFFECT OF PHENOBARBITAL ON PREVIOUSLY ESTABLISHED 
SECONDARY EPILEPTOGENIC LESIONS 


-—Before medication—_, 7——On phenobarbital—_, ———Off medication—__ 
Primary Secondary Primary Secondary Primary Secondary 
Animal focus focus focus focus focus focus 
236 A + + + 7 + + 
299 A + a + + + + 
210 A + + + 
212 A + + + 0 ~ 0 
300 A + + + + + + 
248 P - 0 + 0 + 0 
253 P + + + 0 + a 
237 P + + + 0 + 0 
720 P + + + 0 a 0 
234 P + 0 0 
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Fig. 10. Per cent of animals in each group 
having an independent secondary discharge 
(off medication ) 


ea pig, as in most mammals, the electroen- 
cephalogram contains occasional sharp tran- 
sients which have a superficial resemblance to 
epileptic spikes. However, these occur only 
during sleep and are bilaterally symmetric. 
Since all recordings in this experiment were 
done during the waking state and multiple 
cortical recording electrodes arranged in both 


TABLE 6 
SUMMARY OF RESULTS 


A. CONTROL (NO MEDICATION) 


-—One month—, 


-—Two months— 


Number of Primary Secondary Primary Secondary 
animals focus focus focus focus 
20 10 9 9 9 
B. PHENOBARBITAL 
medication—, medication—, 
Primary Secondary Primary Secondary 
focus focus focus focus 
10 9 1 10 3 
C. DILANTIN 
-—On medication—, medication— 
Primary Secondary Primary Secondary 
focus focus focus 
10 10 8 10 8 
D. THORAZINE 
-—On medication— -—Of medication— 
Primary Secondary Primary Secondary 
focus focus focus focus 
10 10 7 10 10 
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monopolar and bipolar arrays were used, it is 
unlikely that misidentification of normal po- 
tentials was a source of error. Sharp, high vol- 
tage potentials may also be produced as a re- 
sult of injury if the recording electrode pene- 
trates the dura. That such an artifact was not 
a source of difficulty in the present study is 
attested to by lack of evidence for dural pene- 
tration at the time of autopsy in any of the 
animals and by the fact that the paroxysmal 
bursts in both hemispheres were appropriately 
related to the anatomic site of the epileptogen- 
ic lesion. 

A somewhat greater problem arises in the 
case of negative decisions. Since electrical 
signs of epileptic discharge occur intermittent- 
ly, it may be argued that longer recording pe- 
riods might have disclosed evidence of parox- 
ysmal discharge in those animals in which we 
report absence of such discharge. Although 
this possibility can never be completely ex- 
cluded, the recording time for all groups was 
comparable, 2 or 3 separate tracings were ob- 
tained in many of the animals, and, in any 
given record, a negative decision was not 
reached until at least one hour of continuous 
recording had been obtained. 

The decision most subject to interpretive 
error was the assignment of dependent or in- 
dependent characteristics to the secondary dis- 
charge. Fortunately, in almost half the cases, 
the secondary focus was actually more active 
than the primary and there were long stretches 
of record in which secondary spikes occurred 
without concomitant discharge at the primary 
site. However, even in the other cases, assign- 
ment to the independent category required 
that active epileptiform discharge occur in the 
secondary region at a time when there was 
no evidence whatsoever of paroxysmal activ- 
ity at the primary site. Sometimes this circum- 
stance was only present in a small portion of 
the record. In most cases where this criterion 
was met, there were also long periods when 
spike-for-spike “driving” of one focus by the 


E. PHENOBARBITAL ON PREVIOUSLY ESTABLISHED FOCI 


-—Before medication——_, -——On phenobarbital__ -——Off medication——____ 
Number of Primary Secondary Primary Secondary Primary Secondary 
animals focus focus focus focus focus focus 
10 10 9 10 4 10 5 
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other (Fig. 5) was evident but this did not 
vitiate the classification. The occurrence of 
spontaneous or stroboscopically induced elec- 
trographic seizures originating in the second- 
ary region was taken as supporting evidence 
for a classification of independence. Examina- 
tion of Tables 1 through 5 indicates that, with 
few exceptions, a classification based upon 1 
electroencephalographic tracing was generally 
confirmed when the second record was ob- 
tained. In our opinion, therefore, the observa- 
tions made and the classifications assigned are 
sufficiently reliable to allow appropriate statis- 
tical inferences from these data. 

There are 3 categories of drug effect to be 
considered. The first category is suppression 
of the electrical signs of epileptic discharge in 
either primary or secondary regions during the 
period of drug administration. None of the 
drugs significantly affected the primary dis- 
charge. In 1  phenobarbital-treated animal 
(256 A, Table 2) the “on medication” record 
revealed no evidence of any abnormality, 
while the “off medication” trace disclosed par- 
oxysmal discharge in both primary and sec- 
ondary regions. This was the only case in 
which some suggestive evidence for primary 
focus suppression was obtained. 

Evidence for suppression of secondary dis- 
charge was equivocal. Comparison of the “on 
medication” with “off medication” figures in 
the phenobarbital-treated animals (Table 6) 
indicates that more lesions were apparent 
when the drug was withdrawn. However, the 
difference is not statistically significant and 
serves only to suggest a trend which might 
conceivably reach significance in a larger pop- 
ulation. There is also some suggestion that 
Thorazine had a suppressant effect; 7 of 10 
had secondary foci while on medication and 
10 of 10 when the medication was discontin- 
ued. But this difference is also not significant. 
Furthermore, epileptiform activity in general 
was very pronounced in Thorazine-treated an- 
imals, and photic stimulation induced not only 
the bilaterally synchronous spike wave, but 
focal seizures having onset in either hemi- 
sphere in the 7 animals with definite secondary 
lesions. Since such activation was even more 
pronounced than that seen in controls, it 
seems unlikely that the small difference is at- 
tributable to drug-induced suppression. 
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The second category of drug effect con- 
cerns the initial development of secondary le- 
sions. The number of animals in each of the 
treated groups having an independent second- 
ary focus (off medications) may be compared 
with the number found in the control series 
for one-month time interval (Table 6). The dif- 
ference noted in the phenobarbital-treated an- 
imals is significant at the 5% level.**-** Dilan- 
tin- or Thorazine-treated animals did not differ 
significantly from controls. Phenobarbital 
therefore clearly retards development of inde- 
pendent secondary discharge. If this observa- 
tion holds for a larger series of animals and 
most especially if it can be confirmed in man, 
the derivative clinical implications are of ut- 
most importance. In essence, this drug not on- 
ly suppresses the clinical manifestations of 
epilepsy but appears to arrest further progres- 
sion of the basic disease. Equally important is 
the fact that sodium Dilantin, even though 
also effective in preventing clinical manifesta- 
tions, did not retard progression of the disease 
process. Although it is always hazardous to 
draw inferences from animal experiments to 
the human disease, one might well reconsider 
the advisability of long-term maintenance on 
Dilantin alone in patients with discrete and 
accessible focal lesions. 

The third category of drug action involved 
the effect of phenobarbital on previously es- 
tablished secondary lesions (Table 5 and Table 
6 E). In view of the rarity with which spon- 
taneous resolution of secondary discharge oc- 
curred, reduction by almost 50% after one 
month on phenobarbital is likely to represent a 
significant trend. However, with the small 
population here represented, the difference 
does not reach a 5% level of confidence.**:*" 
This finding lends some support to a previous 
observation® in which excision of the primary 
lesion resulted in disappearance of secondary 
discharge in a small proportion of animals 
even after establishment of the electrical signs 
of independence in a mirror focus. Further 
work on this particular aspect of drug action 
seems warranted in view of its potential clin- 
ical implication. 

An incidental observation requiring brief 
comment is the lesser incidence of secondary 
discharge with posterior rather than anterior 
lesions. This is most likely a reflection of the 
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greater density of callosal fibers anteriorly.'* 

The mechanisms underlving barbiturate ac- 
tion on central electrical activity have been 
the subject of several excellent reviews.*°.*° 
When administered in moderate anesthetic 
doses, the barbiturates act selectively on neu- 
ronal synapses*®.°* to produce a prolongation 
of recovery time and an increase in threshold 
for neuronal excitation.*'* The multisynaptic 
reticular activating systems appear particularly 
sensitive to the depressant action of this class 
of drugs.53.00-62 

The action of barbiturates on the threshold, 
duration, and spread of after-discharges elicit- 
ed by direct electrical stimulation has been 
studied by several investigators. Poggio, Walk- 
er, and Andy®* found that barbiturates, even 
in small amounts, tended to depress the spread 
of after-discharge. With pentobarbital anes- 
thesia, Gloor®* noted that amygdaloid after- 
discharges rarely spread to the cortex or to 
other structures in the opposite hemisphere. 

Faeth, Walker, and Andy® and Strobos and 
Spudis® note that such spread occurs quite 
readily in the absence of barbiturates. Andy 
and Akert®? found that pentobarbital in anes- 
thetic doses increases the threshold and short- 
ened the duration of seizures induced by stim- 
ulation of the hippocampus; the same effect 
was found by Gangloff and Monnier®* in ex- 
periments using phenobarbital. The latter 
workers also reported that the same drug pro- 
duced a decrease in the seizure threshold at 
neocortical stimulation sites. Strobos and Spu- 
dis** found in the cat that phenobarbital did 
not alter the threshold for electrically induced 
seizures but did significantly diminish the 
propagation of such discharges. In animals 
with chronic epileptogenic lesions, Morrell, 
Bradley, and Ptashne® described marked de- 
crease in the spread of seizure discharges 
to distant cortical or subcortical sites under 
the influence of phenobarbital. These various 
investigators all agree that, at moderate doses, 
the barbiturates will selectively suppress the 
spread or propagation of epileptiform dis- 
charges to more or less distant ganglionic re- 
gions. At very high dosage, of course, barbi- 
turates will directly suppress neuronal function 
as evidenced by the eventual disappearance of 
all signs of electrical activity. But none of the 
previously cited investigators emploved dos- 
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ages high enough to cause electrical silence. 
In a very carefully performed experiment, 
Bernhard™’ demonstrated that gradually in- 
creasing doses of barbiturates would first block 
the svnaptically mediated spread of after-dis- 
charges and only later prevent the discharge 
of the stimulated site. He also found that sys- 
temically injected local anesthetics had no 
such selective action on synaptic pathways 
but, when sufficient dosage was reached, pro- 
duced a blockade of after-discharge which oc- 
curred simultaneously in the stimulated and 
the transsynaptic site. The local anesthetics al- 
so abolished the ephaptic motor to sensory 
nerve fiber transmission at the injured region 
of a peripheral nerve.7° Such data make it 
reasonable to distinguish between the mech- 
anism responsible for distant propagation of 
seizure discharge (synaptically mediated) and 
those processes which maintain the local dis- 
charge or which permit its local spread from 
cell to adjacent cell. The latter may depend 
upon neuronal sensitivity to the electrical 
fields generated by surrounding synchronously 
firing cells or to local concentrations of chem- 
ical agents, possibly K+ ion,™! produced by 
massive cellular discharge. There is in fact 
some clear evidence for ephaptic spread of 
epileptic discharge across the surface of the 
hippocampus** and the neocortex. In support 
of the observation of Bernhard,7® Morrell7* 
demonstrated that propagation of epileptic 
discharge into a neuronally isolated cortical 
slab was abolished by procaine but not by 
barbiturate. 

Although comparatively little is known of 
the mechanism of action of diphenylhydan- 
toin, several studies*®.74:75 have demonstrated 
an action directly on peripheral nerve. Wood- 
bury and Esplin **.77 suggest that the drug in- 
creases neuronal thresholds by stimulating met- 
abolic processes involved in the active extru- 
sion of sodium from the intracellular space. 
Strobos and Spudis® reported marked increase 
in the threshold for electrically induced after- 
discharge in cats treated with diphenylhydan- 
toin. In chronic animals, Morrell, Bradley, and 
Ptashne®™ noted that, although the drug was 
completely ineffective in suppressing transsyn- 
aptic propagation, the local spread of epilep- 
tiform discharge across the cortical surface 
was much reduced. It seems likely that, in 
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contrast with the barbiturates, diphenylhydan- 
toin acts directly on neuronal membranes to 
render them less susceptible to activation or 
to repetitive discharge when activated. 

In the present study, only the drug associat- 
ed with synaptic blockade was effective in 
preventing development of secondary epilep- 
togenic lesions. This would suggest that sec- 
ondary epileptogenesis is probably dependent 
on specific synaptic activation rather than dif- 
fuse ephaptic spread. It would seem that re- 
petitive discharge induced in a cell by ephap- 
tic recruitment does not result in permanent 
augmentation of its excitability, whereas epi- 
leptiform activation through normal synaptic 
channels may be the necessary condition for 
the permanent change which is the basis of the 
independent secondary lesion. The multisyn- 
aptic propagation necessary for behavioral 
manifestations of epilepsy is probably much 
potentiated by the increased synchrony result- 
ing from ephaptic recruitment of cells adja- 
cent to the epileptogenic source. Depression 
of cell responsiveness by Dilantin may retard 
the development of sufficient synchrony to 
cause behavioral signs (thus explaining the 
clinical effectiveness of the compound), 
though transsynaptic activation through at 
least one relay may remain uninhibited and, 
over a period of time, may be adequate to es- 
tablish a secondary epileptogenic focus. 


SUMMARY 


Secondary epileptogenic lesions are electri- 
cally defined areas of paroxysmal discharge at 
least one synapse removed from a primary epi- 
leptogenic zone. The secondary region (mirror 
focus) arises as a result of continuous epilep- 
tiform bombardment from the primary lesion. 
It represents a true spread of epileptogenicity 
to an area untouched by the original experi- 
mental procedure. Previous work had shown 
that early surgical excision of the primary fo- 
cus could prevent development of secondary 
lesions. However, since most patients are treat- 
ed medically rather than surgically, it was of 
interest to determine whether chronic drug 
therapy in experimental animals, where the 
time course of secondary lesion development 
was known, would correspondingly influence 
this process. Phenobarbital, Dilantin, and 
Thorazine were studied. Only phenobarbital 
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was found to retard establishment of second- 
ary lesions. The clinical implications of this 
observation were reviewed. The data suggest 
that secondary epileptogenesis is a specific re- 
sult of synaptic bombardment and not of 
ephaptic recruitment of surrounding cells into 
epileptiform discharge. The differences in drug 
effect support the notion that separate physi- 
ologic mechanisms subserve local as opposed 
to distant propagation of epileptic activity. 


The authors are indebted to Mr. Andre Florenz and Mr. 
Yossef Aelony for helping carry out this experiment. Thora- 
zine was contributed by Dr. Francis Vazuka of the Smith, 
Kline & French laboratories, and the Dilantin was contrib- 
uted by the Parke Davis laboratories. 
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Lack of alpha reduction in patients 


with defective revisualization 


Norman H. Cohen, M.D., Maire McAuliffe, M.D., 


and Donald Macrae, M.D. 


It HAS LONG BEEN RECOGNIZED that the step 
upon which the use of the electroencephalo- 
gram as a psychophysiologic indicator must 
rest is that of determining whether a signifi- 
cant empiric correlation obtains between any 
particular psychologic function and some re- 
sponse of the electroencephalogram.' Of the 
numerous studies which, through the years, 
have appeared to relate electroencephalograph- 
ic features to mental function, the most nota- 
ble are those recent investigations concerned 
with change of alpha rhythm in relation to 
mental imagery, sensory stimulation, attention, 
and mental “alerting.”*-'* Thus, Grey Walter? 
found that “when the subject is asked to 
make some mental effort which is known to 
involve visual imagination, not only is some 
alpha component blocked, but the evoked 
response . . . is much reduced in amplitude.” 
Mundy-Castle,* analyzing electroencephalo- 
graphic changes in relation to visual imagery, 
found that blocking of the alpha rhythm oc- 
curred with visual imagery and to a far greater 
extent than with auditory or kinesthetic im- 
agerv. He felt that his results confirmed “the 
view originally expressed by Adrian and Mat- 
thews that the alpha rhythm is very much 
concerned with visual processes.” 

R. Walter and Yeager* found a statistically 
significant reduction in the amplitude of occipi- 
tal alpha activity with attempted visual recall, 
while active vision produced an even greater 
reduction and suppression. 

These authors proposed the existence of a 
definite correlation between the process of 
visual image formation and the amplitudinal 
decrease and attenuation of the alpha rhythm, 
but, with others, introduced another psycho- 
physiologic factor—that of mental “orienting” 
or “alerting.”*-> Thus, Jasper® stated, “It was 


early recognized that it was not the sensory 
stimulus itself, but the attention to it which 
caused a change in the alpha rhythm,” while 
Oswald? has described alpha suppression as 
a manifestation of the level of alertness and 
attention. 

Consideration of the suppression of occipital 
alpha during attempted revisualization, there- 
fore, provokes a significant question. Does 
the decreased occipital alpha amplitude and 
incidence reflect the electrophysiologic events 
subserving the elaboration of the psycho- 
physiologic process of visual memory recall, 
or does it merely reflect the general orienting 
and alerting reaction of attention which occurs 
during the attempt to revisualize? 

The proper subject for study to answer this 
question would ideally be one with an isolated 
defect of visual recall. The availability of 3 
such subjects has allowed this study. 


STUDY 


These 3 subjects had defective revisualiza- 
tion resulting from occipitoparietal lesions. In 
addition, 1 patient with an hysteric defect of 
visual recall and a normal control group were 
studied. Their occipital alpha activity was 
measured in terms of amplitude and incidence 
under various controlled conditions. 

The following case histories, presented here 
in summary form, subsequently will be pub- 
lished in detail as part of the clinical study of 
visual disorders. 


From the Department of Neurology, University of Cali- 
fornia School of Medicine, San Francisco. 

Read at the twelfth annual meeting of the American Acad- 
emy of Neurology, Miami, April 28, 1960. 

This investigation was supported in part by a Public 
Health Service Training Grant 2B-5101 from the National 
Institute of Neurological Diseases and Blindness. 
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Subjects. Case 1. L.G., a 40-year-old man, had 
isolated and total loss of revisualization. During 
a mitral valvulotomy, infarction of both occipital 
lobes, presumably from embolism, occurred. In- 
complete, bilateral homonymous hemianopsia was 
the only objective neurologic sign. However, he 
had totally lost the ability to revisualize objects, 
forms, and colors, as well as the appearance of 
letters, words, numerals, and musical notes, famil- 
iar street scenes, his home, the faces of his friends 
and family, his own body, or any of its parts. He 
had no visual remembrance of any event from his 
past, and his thought content and dreams were 
nonvisual in nature. There was no evidence of 
apraxia, agnosia, aphasia, alexia, or acalculia. 
When examined six months and one year later, 
findings were essentially unchanged. 


Case 2. P.R., a man aged 18 years, presented a 
total loss of revisualization and, in addition, pros- 
opagnosia. After an automobile accident in May 
1958, he was comatose for two weeks. In addition 
to residual, incomplete, bilateral homonymous 
hemianopsia, he was completely unable to revis- 
ualize faces, persons, colors, animals, inanimate 
objects, topography, places, structures, scenes, dis- 
tance, or direction. He suffered from topographic 
disorientation. His drawings of human beings, 
animals, body parts, and simple objects were 
simple and constructional. His defect of recogni- 
tion was primarily a visual agnosia for the faces 
of friends, relatives, examiners, and prominent 
personages, though able to recognize familiar and 
unfamiliar objects and drawings and pictures of 
animals and inanimate objects. 


Case 3. After a head injury with unconscious- 
ness, V.G.," a 32-year-old man, showed on ex- 
amination in 1956 prosopagnosia and defective 
revisualization, with the loss of the ability to 
portray in his mind’s eye objects and all attributes 
of objects, such as form, color, and dimension. In 
January 1960, he had improved considerably, 
being now able to revisualize many animate and 
inanimate objects which had originally “escaped” 
him but noted particularly that he still be tl 
recall faces. His dreams now contained visual 
images, but faces were never “seen.” His draw- 
ings were good except for faces, which were 
excessively constructional and childlike. He recog- 
nized all objects but could not recognize the faces 
of friends, relatives, and familiar persons. His 
defects of visual recall and recognition were now 
primarily limited to faces. 


Case 4. D.M., a 22-year-old male bookkeeper, 
complained of a visual field loss, complete loss of 
revisualization, and inability to recognize faces. 
Investigation of these defects indicated that they 
were hysteric in nature and included the following 
features: [1] an initial persistent omission of all 
mention of defects other than “loss of vision” 
until these were elicited (suggested?) by direct 
questioning; [2] vagueness and inconsistencies of 
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specific symptomatology and excellent performance 
in tests of functions, which were impaired in the 
other defective subjects (for example, spelling, 
drawing, memory of digits, and nonstructured 
figures); [3] repeated demonstration of the hys- 
teric, “tubular” nature of the patient’s visual field 
defect; [4] inconstancy of the defects of higher 
function with apparent intact function when out- 
side of the testing and examining situations, espe- 
cially in regard to the patient’s “prosopagnosia” 
and “topographic disorientation;” [5] psychiatric 
and psychometric confirmation of the diagnosis of 
hysteria. 

Control group. This group consisted of 5 
normal volunteer subjects from the hospital 
medical staff, 3 women and 2 men, with no 
neurologic disease. Their ages ranged between 
22 and 35 years. 


METHOD 


Each subject carried out 3 different pro- 
cedures. These basically followed those out- 
lined by Walter and Yeager.* The same set 
of 8 leads was used throughout; the record- 
ings were made scalp-to-scalp with an occip- 
ital lead in each. 

1. Revisualization of controlled stimuli. With 
the examining room dimly and constantly 
illuminated, the subject was asked to “relax” 
for three minutes. After this, he was instructed 
to look carefully, for a duration of twenty 
seconds, at a drawing mounted on a card 
118% in.(A, Fig. 1), in a fixed position at 
a distance of four feet. The whole diagram was 
within the most constricted visual field. This 
was followed by a thirty-second period of 
relaxation with the eyes closed, allowing for 
disappearance of any visual after-image. He 
was then asked to “try and picture the dia- 
gram in your mind” during a twenty-second 
period. After a further thirty-second period of 
relaxation, the whole procedure was succes- 
sively repeated for a total of 5 different dia- 
grams with each subject. These diagrams are 
shown in Figure 1. 

The electroencephalographic recording was 
continuous during each subject's entire experi- 
mental period. Subjects L.G. and P.R. were 
tested twice at intervals of eleven and six 
months respectively, thus having 10 trials each. 
A total of 30 experimental and 25 control trials 
with geometric figures was made. 

A one-minute rest interval was allowed 


before the second procedure. 
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2. Spontaneous revisualization of faces and 
objects. Each subject was asked to comply 
with the following successive requests: “Try 
to picture [1] your mother’s face, [2] your 
house, [3] the examiner’s face, [4] a bicycle, 
[5] your wife’s (girl friend’s, husband’s, boy 
friend’s) face, [6] a tree, [7] your father’s 
face (or son’s), [8] your car (or a car), [9] 
your own face, [10] a clock face.” After each 
request, a twenty-second period was allowed 
for revisualization, followed by a thirty-second 
rest interval. 

There were 20 experimental trials with 
revisualization of faces, 20 experimental trials 
concerned with objects, and 25 corresponding 
control trials for each. 

A one-minute rest period was allowed before 
the third procedure. 

3. Effects of mental activities on occipital 
alpha. [1] Mental arithmetic: Instruction: 
“Subtract 7 from 100 and keep subtracting 7 
from the remainder until you are told to stop.” 
[2] Abstract thought: Instruction: “Think 
about the proverb, “The early bird catches the 
worm’.” [3] Imaginative thought: Instruction: 
“Think about your plans for the coming Sun- 
day.” [4] Controlled auditory reminiscence: 
A small bell was tinkled for five seconds, and 
ten seconds later the subject was asked to 
“try to hear in your mind what the sound 
was like.” [5] Auditory vocal reminiscence: 
Instruction: “Recall the sound of my voice 
giving instructions.” [6] Complex spontaneous 
auditory reminiscence: Instruction: “Recall the 
sound of a band playing the national anthem.” 
[7] Internal verbal audition: Instruction: “Re- 
peat the Pledge of Allegiance in your mind to 
yourself.” 

Again, after each instruction, a twenty- 
second period was allowed for that particular 


Fig. 2. Determination of av- 
erage amplitude (after Walter 
and Yeager).* By connecting 
peaks of occipital alpha activ- 
ity, an envelope was drawn. 
With a map calibrated in 
millimeters, peak-to-peak am- 
plitude of all alpha waves was 
measured at one-fifth second 
line for desired period and, by 
reference to calibration signal, 
translated into microvolts. 


D E 
Fig. 1. Diagrams used in first procedure 
concerned with revisualization of geometric 
figures. Each diagram was presented sepa- 
rately on individual cards. 


mental process, followed by thirty seconds of 
“relaxation.” 

Alpha measurements. The alpha was meas- 
ured in dimensions of amplitude and incidence 
for each test situation. 

1] Amplitude. The mean potential for the 
desired time interval was determined in the 
manner suggested by Walter and Yeager,* 
shown in Figure 2. The average potential in 
microvolts for each test was then expressed 
as a percentage change from the resting alpha. 

2] Incidence. The alpha incidence was ob- 
tained by measuring the time occupied by 
alpha during the period of each test and relax- 
ation and expressing it as a percentage of this 
period. The incidence during relaxation was 
taken as the base, and any change during 
each test was then expressed as a percentage 


increase or a percentage decrease from this 
base. 
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TABLE 1 


CHANGES IN 


ELECTROENCEPHALOGRAPHIC POTENTIALS WITH ACTIVE VISION 


AND ATTEMPTED RECALL OF GEOMETRIC FIGURES 


Control’s Walter and 
Patient’s mean potential Patient’s reduction in reduction Yeager 
-—for 20 seconds, in microvolts—, potential, per cent———_—____ in poten- reduction in 
Patient L.G.* L.G.+ P.R.¢ P.R.§ V.G. D.M. L.G.* L.G.+ P.R.¢ P.R.§ V.G. D.M. tial, % potential, % 
Resting alpha 
(eyes closed) 
3 minutes 13.6 43.3 38 26.55 21.0 38.0 - 
Active vision 
(first 20 
seconds ) 69 208 168 17.0 118 143 49.3 52.0 579 35.8 43.8 62.4 77.1 54.5 
Alpha with 
attempted 
recall ( first 
20 seconds) 13.3 39.3 39.0 340 14.1 20.9 22 92 Of Ore 32.9 45.0 41.5 31.0 


Number of trials with each patient = 5 for each test 
Number of trials with controls = 25 

® First test on 1/13/59 (5 trials) 

+ Second test on 12/10/59 (5 trials) 


RESULTS 

During active vision, alpha amplitude was 
significantly reduced in all the experimental 
subjects. 

First procedure (revisualization of geometric 
figures). These are shown in Table 1. 

Amplitude. L.G. showed amplitude reduc- 
tion of 2.2% in his first trials and 9.2% in his 
second; P.R., increases of 2.6% in his first trials 
and 28.3% in his second. Thus, each, though 
suffering from complete loss of revisualization, 
showed either an insignificant decrease of am- 
plitude or an increase. V.G., D.M., and controls 
showed significant and comparable amplitude 
decrease of 32.9%, 45%, and 41.5% respectively. 

Incidence. As seen in Table 2, the changes 
were for L.G., an alpha increase of 4% during 
the first trials and a reduction of 6% during the 
second trials; for P.R., an increase of 25%; for 
V.G., D.M., and the controls, significant de- 
creases of 10%, 15%, and 23%. 


+ First test on 5/28/59 (5 trials) 

§ Second test on 2/15/60 (5 trials) 

{ Actual increase of 2.6% in alpha potential 
**Actual increase of 28.3% in alpha potential 


Figures 3 to 7 illustrate the lack of reduc- 
tion of alpha amplitude and incidence for L.G. 
and P.R. and the significant reduction for the 
other subjects. 

Second procedure (revisualization of faces 
and objects). These are shown in Table 3. 

Amplitude. L.G. showed no significant 
change; P.R., no change with faces and an 
increase (13.4%) with objects. V.G. showed 
a significant depression (39.5%) with objects 
but only an insignificant decrease (4.3%) with 
faces. D.M. showed significant depressions 
with faces (40.5%) and objects (36.8%), as 
did controls (42.4%, faces; 37.8%, objects). 

Incidence. L.G. showed no _ significant 
change. P.R. showed increases of 7% (faces) 
and 32% (objects). V.G. showed an increase 
(7%) with faces and a significant depression 
(14%) with objects. Significant reductions oc- 
curred with both for D.M. (23% and 16%) and 
the control group (12% and 19%). 


TABLE 2 
CHANGES IN ALPHA INCIDENCE WITH ATTEMPTED RECALL 
OF GEOMETRIC FIGURES 


Alpha incidence % (alpha duration / total duration) —______ 


Patient L.G.* L.G.+ P.R.§ V.G. D.M. Controls 
Resting 78 64 43 33 74 53 
Attempted recall 82 58 68 23 59 30 
Reduction in alpha incidence % oF 6 ore 10 15 23 


{ Actual increase of 4% alpha incidence% 
Actual increase of 25% in alpha incidence % 
See Table 1 for other footnotes. 
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RECORD OF NORMAL SUBJECT 


A. RESTING (EVES CLOSED) 8. ATTEMPTED REVISUALIZATION CLOSED) ©. RESTING (avas 


Fig. 3. [A] First portion shows occipital channels of resting record. Major component consists 
of high-amplitude alpha at 9 to 10 cps. [B] Second portion shows effect produced by attempted 
revisualization. Note suppression of alpha rhythm and visible decrease in amplitude. [C] Third 
portion shows resumption of high-amplitude alpha rhythm when subject is instructed to cease 


revisualization. 


RECORD OF D.M. WITH HYSTERICAL 
“LOSS OF REVISUALIZATION” 


A. EYES CLOSED (RESTING) B. ATTEMPTED REVISVALIZATION (EYES CLOSED) ©. EYES CLOSED (RESTING) 


Fig. 4. [A] First portion shows occipital channels at rest with high alpha rhythm at 10 to 11 
cps. [B] Second portion shows effect produced by attempted recall. Note intermittent alpha 
suppression and marked decrease in amplitude. [C] Third portion shows resumption of high-am- 
plitude alpha rhythm when subject is told to cease revisualization. 


RECORD OF SUBJECT V.G. WITH DEFECTIVE 
REVISVALIZATION (PARTIAL) & PROSOPAGNOSIA 


| 
A. BYES CLOSED (ResTiNG) B. ATTEMPTED REVISUVAL/ZATION (eves ©. 
CEASE REVISUALIZATION 


Fig. 5. [A] First portion shows occipital channels at rest with moderate amplitude alpha rhythm 
at 9 to 10 cps. [B] Second portion shows effect produced by attempted recall (geometric figures). 
Note alpha suppression and decrease in amplitude. [C] Third portion shows resumption of 
higher amplitude alpha rhythm when subject is told to cease revisualization. 
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RECORD OF SUBJECT L.G. WITH ISO/.ATED 
DEFECTIVE REVISVALIZATION (TOTAL) 


A. EYES CLOSED (RESTING) Cc. EYES CLOSED 


CEASE REVISUALIZATION 
Fig. 6. [A] First portion shows occipital channels at rest with moderate amplitude alpha rhythm 
at 7 to 9 cps. [B] Second portion shows record during attempted recall. Note that there is little 
or no perceptible change in alpha amplitude, that is, there is no effect secondary to attempted 
revisualization. [C] Third portion shows continuance of unchanging moderate amplitude alpha 
rhythm when subject is told to cease revisualization. 


B. ATTEMPTED REVISVALIZATION (EYES CLOSED) 


RECORD OF SUBJECT RR. WITH DEFECTIVE 
REVISVALIZATION (TOTAL) © PROSOPAGNOSIA 


ATTEMPTED REVISUALIZATION (EYES CLOSED) 


A. EYES CLOSED (RESTING) ©. EYES CLOSED (RESTING) 


CEASE REVISUVAL/ZATION 

Fig. 7. [A] First portion shows occipital channels at rest with high-amplitude alpha rhythm at 
10 to 11 cps. [B] Second portion shows record during attempted recall. Note that there is no 
change in alpha rhythm incidence or alpha amplitude, that is, there is no effect secondary to 
attempted revisualization. [C] Third portion shows continuance of unchanging high-amplitude 
alpha rhythm when subject is to cease revisualization. 


Of particular note are V.G.’s results, shown 
in Table 4; a significant depression of ampli- 
tude and incidence for geometric forms (Proc. 
1) and objects (Proc. 2) and an insignificant 
reduction of amplitude (4.3%), with a 7% 
increase in incidence during attempted revis- 
ualization of faces. These are illustrated in 
Figures 8 and 9. 

Third procedure (mental activities). These 
are shown in Table 5. 

Amplitude. A significant general decrease 
(mean = 30.2%) for V.G. and for D.M. and 
controls (mean = 35.4%) and an increase for 
L.G. (mean = 8.6%) and P.R. (mean = 8.1%). 

Incidence. These are shown in Table 6. In- 
creases for L.G. (mean = 5%) and P.R. (mean 
= 29%). V.G. showed a decrease with some 
activities (mental arithmetic, 8%; imaginative 
thought, 3%; and auditory reminiscence, bell, 


23%) and increases for others (abstract 
thought, 22%; vocal reminiscence, 17%; in- 
ternal verbal audition, 17%). D.M. and the 
controls showed a general decrease (mean = 
8%), but some of the changes were small and 
insignificant. 

The results with mental activity appeared 
to fall into 3 groups: L.G. and P.R. (Group 
E), V.G. (Group EC), and D.M. and controls 
(Group C), but the variable changes in in- 
cidence prompted a further statistical study 
to determine whether these mental activities 
produced an over-all (stochastically) greater 
reduction in alpha incidence in [1] Group EC 
as compared with Group E, [2] Group C as 
compared with Group EC, and [3] Group C 
as compared with Group E. The Mann- 
Whitney U test'® was used with a significance 
level of alpha = 0.05. 


\ 
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The results (Table 7) indicate that: 


1. Although the significance level between 23a | =| | 
E and EC approached the level of 0.05, the Fo | 
data do not give evidence to justify the con- 27) £23| 23|° 22) | | 
clusion that EC’s alpha incidence reduction 3% | 
was significantly greater than that of E in 7 | S| | 
this procedure. | | | | 

2. Reduction of alpha incidence is (stochas- = | | | 
tically) higher in C as compared with EC. | | | *| 3 

3. Reduction of alpha incidence is very | == | 
significantly (stochastically) higher in C as 

It is of interest that EC (V.G.), with a | 
partial defect, lies almost midway between E $2) | ails 
and C in regard to reduction of alpha inci- 2 | 

Introspective investigations and results. The | | |! 
lack of decrease in alpha amplitude and in- | | | 
cidence in L.G., P.R., and in some instances g5)~ | a2 
in V.G. raised the question of whether this | 5 | 
represented an inability on the part of these g || 
subjects to perform the particular mental func- t¢ | 4 
tion tested. Careful interviews and introspec- | 
tive investigation were undertaken after the * Ze | 5 | 4 
third procedure, with the subjects being asked | > 
questions such as: “Tell me exactly what you |, > 
did with your thoughts”; “What went on in 72, | 
your mind?”; “Were you hearing things, feel- 
ing things, seeing things, or was it a com- 38: | 

The results revealed that L.G. and P.R. were *s lex 
capable of carrying out all of these functions 23 | 
but utilized internal mechanisms of purely ad | | 
verbal-auditory nature, for example, numbers 
were “heard,” the proverb was “spoken” and ‘bes S| > 
heard internally, as were the bell, voices, and re | i a |e < = EE 
music. V.G. stated that various visual images | > 
occurred briefly during all activities and cited | a z| 3 
them. When thinking of the proverb, he $5 ai * a) 
pictured a bird “but couldn't see it (its head) » = |e 3 
catching the worm.” When recalling the ex- bed ¢ = 
aminer's voice and the Pledge of Allegiance, - 
he visualized “people without faces speaking |! 
the words.” It is of note that on these occasions & | 
he showed a significant increase, rather than &° 
decrease, in alpha incidence. = 3 | = +e |, <| $3 

The control group was similarly investigated Pe = aa aed 
and in addition a group of 50 normal subjects 
were asked to perform the same set of mental 
activities under the same conditions but with- | = 
out the electroencephalographic recordings. In 
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TABLE 4 
CHANGES IN ELECTROENCEPHALOGRAPHIC POTENTIALS AND ALPHA INCIDENCE IN V.G. 
WITH ATTEMPTED RECALL OF GEOMETRIC FIGURES, FACES, AND OTHER OBJECTS 


Mean potential Reduction in Alpha Reduction in 
for 20 seconds potential, incidence, alpha incidence, 
(microvolts) % % % 
Resting alpha 
(eyes closed) 3 minutes 21.0 33 
Active vision first 20 seconds 11.8 43.8 - = 
Alpha with recall of geometric 
figures (first 20 seconds) 14.1 32.9 23 10 
Alpha with recall of faces 
first 20 seconds 19.1 4.3 40 o° 
Alpha with recall of others 
first 20 seconds 12.7 39.5 19 14 


*Increase of 7% alpha incidence 
Number of trials = 5 for each test 


RECORD OF SUBJECT WITH PROSOPAGNOSIA (V.G) 
DURING ATTEMPTED REVISUALIZATION OF FACES 


TSEC. 


Fig. 8. 1A and 2A show oc- 

cipital channels at rest with in- 

4A. EYES CLOSED (RESTING) 1B. ATTEMPTED REVISVALIZATION termittent low to moderate am- 
(EYES CLoseD) plitude alpha rhythm at 8 to 9 

cps. 1B and 2B show effect 

produced by attempted visual 

recall of son’s face [1B] and 

examiner's face [2B]. Note ac- 


tual increase in alpha incidence 
and alpha amplitude in both 
1B and 2B. 
2a. EYES CLOSED (RESTING) 28. ATTEMPTED REVISVALIZATION 


(EYES CLOSED) 


RECORD OF SUBJECT WITH PROSOPAGNOSIA (V.6.) DURING 
ATTEMPTED REVISUALIZATION OF OBJECTS OTHER THAN FACES 


tal channels at rest with mod- 


erate amplitude alpha rhythm 


at 9 to 10 cps. 3B and 4B show 3A EVES CLOSED (RESTING)  ~ 38 ATTEMPTEP REVISUVALIZATION 
effect by attempted (eves ceosea) 
revisualization of a clock face 


[3B] and a tree [4B]. Note 
dence and alpha amplitude. 


4A EYES CLOSED 48 ATTEMPTED REVISVALIZATION CLOSED) 
(nesting) 


we 
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this “normal” group, visual images were re- 
ported as occurring for varying amounts of 
time in 94% of the total number of test situ- 
ations. 

Consideration of hypotheses. Implicit in 
attempted revisualization is the mental activity 
of attention and “alerting.” This mental ac- 
tivity will occur with the attempt, even in 
defective subjects, despite failure of revisual- 
ization. If reduced alpha represents an alerting 
reaction, failure to revisualize in the presence 
of the attempt should not alter the response 
of alpha reduction. Therefore, the validity of 
the hypothesis that decreased alpha amplitude 
and incidence during attempted revisualization 
occurs secondarily to an “alerting” reaction 
would be established if attempted revisualiza- 
tion resulted in a decrease in alpha amplitude 
and incidence in all subjects. Inspection of the 
results makes it apparent that this condition 
was not fulfilled, and this hypothesis is there- 
fore rejected. 

The alternative hypothesis, that the active 
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formation of visual images results in de- 
creased alpha amplitude and incidence dur- 
ing attempted revisualization, would be estab- 
lished if there was no alpha reduction in 
those cases with defective revisualization and 
if there was alpha reduction only when revis- 
ualization did occur. The results indicate that 
in all instances these conditions were fulfilled; 
and, therefore, this latter hypothesis must be 
considered tenable. 

Results with mental activities. The lack 
of alpha reduction with the defective subjects 
during the mental activities (third procedure) 
is of considerable interest. The introspective 
survey revealed that visual imagery is signifi- 
cantly interwoven with complex cogitative 
mental activity of various types and may be 
the key element in much of normal thought. 
If so, the alpha reduction occurring in D.M. 
and our normal sample during these activities 
may be secondary to visual image formation. 
In the defective subjects, the mental activities 
lacking visual imagery were almost purely 


TABLE 5 
CHANGES IN ELECTROENCEPHALOGRAPHIC ALPHA POTENTIALS 
WITH VARIED MENTAL ACTIVITIES 


Controls, Controls 
Experimental subjects, mean Experimental subjects, vedheetion 
mean potential (microvolts) potential reduction in potential % in poten- 
Patient L.G.+ P.R.§ V.G. D.M. (uv) LG.t+ PR§ DM. tial % 
Resting alpha 
(eyes closed) 43.3 26.5 21.0 38.0 32.3 - = - - - 
Visual recall 39.3 34.0 14.1 20.9 18.9 9.2 oe 32.9 45.0 41.5 
(+28.3) 
Mental arithmetic 
(serial 7’s) 39.2 27.5 12.7 22.9 20.8 9.5 0 39.5 39.7 35.6 
(+3.8) 
Abstract thought 
(proverb) 50.0 30.5 19.0 25.0 24.2 oe 0 95 34.2 25.1 
(+15.5) (415.1) 
Imaginative thought 
(plans) 46.7 275 163 24.2 21.6 0 0 22.4 36.3 33.7 
(+7.9)  (+3.8) 
Controlled auditory 
reminiscence (bell) 47.5 27.0 11.3 23.8 21.1 0 0 45.7 37.9 34.7 
(49.7) (41.9) 
Auditory vocal 
reminiscence 50.8 25.0 15.9 24.2 20.6 0 5.7 24.3 36.3 36.2 
(+17.3) 
Complex spontaneous audi- 
tory reminiscence (band) 47.5 34.5 14.1 23.0 20.9 0 0 32.9 39.5 35.3 
(+9.7) (431.9) 
Internal verbal 
audition (pledge) 47.5 25.5 13.2 24,1 21.1 0 3.8 37.1 366 34.7 
(+9.7) 


*Mental activities with L.G.¢+ and P.R.§ resulted primarily in no reduction, indicated by zero, but rather an increase in 
potential per cent, shown in parentheses. See table 1 for other footnotes. 
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TABLE 6 
CHANGES IN ALPHA INCIDENCE WITH VARIED MENTAL ACTIVITIES 


Alpha incidence % 


Patient L.G.+ P.R.§ V.G. D.M. 


Reduction in alpha incidence % 


Controls L.G.+ P.R.§ V.G. D.M. Controls 
Resting (eves closed) 64 43 33 74 53 
Visual recall 58 68 23 59 30 6 0° (+25) 10 15 23 
Mental arithmetic 
(serial 7’s) 65 75 25 60 52 O*(+ 1) 0(+32) 8 14 1 
Abstract thought 
(proverb) 75 55 55 63 51 O(+11) O(4+12) 0*(+22) 11 2 
Imaginative thought 
(plans ) 65 85 30 65 56 O(+ 1) 0O(+42) 3 9 0° (+3) 
Controlled auditory 
reminiscence (bell) 70 60 10 60 47 0(+ 6) O(417) 23 14 6 
Auditory vocal 
reminiscence 70 70 50 58 40 0(+ 6) 0(+27) 0(+17) 16 13 
Complex spontaneous audi- 
tory reminiscence (band) 70 75 35 67 46 O(+ 6) 0O(432) O(+ 2) 7 7 
Internal verbal 
audition (pledge) 65 85 50 69 49 0(+ 1) 0(442) 0(+17) 5 4 


*Mental activities resulting in no reduction of alpha incidence but rather in an increase in incidence per cent are indi- 


cated by zero with degree of increase shown in parentheses. 


verbal-auditory in nature, and the absence of 
alpha reduction presumably reflected _ this 
failure of visual image formation. 

Increased alpha activity with defective re- 
visualization. The initial concern was with 
reduction or nonreduction of alpha. However, 
in all these procedures, L.G. and P.R. evi- 
denced not a lack of alpha reduction but a 
fairly consistent increase, particularly of in- 
cidence, during both attempted revisualization 
and mental activities. Moreover, V.G. showed 
increased alpha incidence during revisualiza- 
tion of faces and during certain mental ac- 
tivities. 

Interpretations of this phenomenon can only 
be speculative. A possible explanation could be 


TABLE 7 
STOCHASTICAL DIFFERENCES OF REDUCTION IN 
ALPHA INCIDENCE PER CENT FOR PATIENTS AND 
CONTROLS DURING VARIED MENTAL ACTIVITIES 


Sum Significance 
Groups ranks U level 
E, 98 
EC 133 28 >.05 (<.10) 
EC, 54 
177 26 <.05 
E, 108 
C 298 3 <.001 
E=L.G., P.R. a—0.5 
EC = V.G. 


C = D.M., controls 


See Table 1 for other footnotes. 


afforded by conceiving of the alpha rhythm as 
an active process. Grey Walter’? has stated 
that cessation of alpha activity occurs when 
a pattern is induced by the suggestion of a 
visual image. He considered that the alpha 
rhythm represents a process of scanning, a 
searching for a pattern which relaxes when 
the pattern is found. If this is so, the inability 
to form the image pattern may result in an 
intensification of the scanning, searching proc- 
ess, particularly in terms of its persistence, 
resulting in the increased alpha incidence 
noted in this investigation. 

Another explanation could consider the pos- 
sibility that, during the so-called resting 
period, each subject was in a state of anticipa- 
tion and consequent alertness despite the re- 
quest for relaxation. This may have resulted 
in a general alerting response with some reduc- 
tion of alpha which was dissipated when the 
anticipatory state was ended by the specific 
request for revisualization. In the normal sub- 
jects, revisualization then resulted in a still 
greater decrease in alpha. In the defective 
subjects, with termination of the preceding 
state of anticipation and with no formation of 
visual images, there appeared an apparent in- 
crease in alpha amplitude and incidence rela- 
tive to the “resting” state. 

Pathophysiology of defective revisualization. 
The formation of visual images presupposes 
neuronal activity, undoubtedly of a most com- 
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plicated type. If the decrease in alpha am- 
plitude and incidence is a reflection of the 
active process of revisualization, as it appears 
to be, it is also a reflection of the neurophysi- 
ologic activity which elaborates the complex 
psychophysiologic processes resulting in the 
formation and appreciation of visual images. 
One may say that the dynamic elements of 
neuronal activity, with their innumerable elec- 
trical streams and circuits, give rise to visual 
images and in so doing simultaneously reduce 
occipital alpha activity. When there is a dis- 
ruption of certain specific neuronal linkages, 
there may result a defective mechanism which 
cannot elaborate the complicated patterns 
needed for the production or appreciation of 
visual images and the affected individual suf- 
fers from “defective revisualization.” In addi- 
tion, the disrupted neuronal activity results in 
the elimination of the electrophysiologic ex- 
pression of the revisualizing process, that is, 
it results in a lack of reduction in occipital 
alpha activity, despite the individual's at- 
tempts to revisualize. It is to be recognized 
that a postulated neuronal mechanism sub- 
serving visual recall may become ineffective 
either because of its own malfunctioning or 
the interruption of afferent or efferent linkages. 


CONCLUSIONS 


1. Alpha amplitude and incidence decrease 
in normal subjects during attempted revisual- 
ization. 

2. Reduction of alpha amplitude and inci- 
dence is lacking during attempted visual recall 
in patients with defective revisualization. 

3. Corollary: Presence or lack of alpha re- 
duction during attempted revisualization could 
be of diagnostic value in patients suspected 
of having such a defect on an organic versus 
functional basis and conceivably could be 
applied to such investigations as those of non- 
specific reading and writing problems in chil- 
dren. 

4. In normal subjects, the reduction of alpha 
amplitude and incidence with attempted re- 
visualization is not a reflection of a process of 
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increased attention, alerting, and orientation 
but reflects the electrophysiologic activity in 
the neuronal mechanism subserving the com- 
plex psychophysiologic processes of visual re- 
call. 


5. The lack of alpha reduction during at- 
tempted recall by subjects with defective re- 
visualization reflects an absence or interrup- 
tion of electrophysiologic activity in part or 
whole of the neuronal mechanism subserving 
the elaboration of the psychophysiologic proc- 
esses of visual recall. 


6. It is suggested that visual image formation 
occurs as a predominant element of various 
types of complex mental activities, some of 
which are customarily considered to be non- 
visual in nature. 
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Neurohistology of two 


mammalian mutations 


F. D. Anderson, Ph.D., and P. J. Harman, Ph.D. 


Two GENETIC MUTATIONS, “ataxia” (axax) in 
the rabbit and “wabbler-lethal” (wlwl]) in the 
mouse, present a combination of neurologic 
signs and myelin peculiarities. Previous stud- 
ies'* have implicated a single recessive auto- 
somal gene as the hereditary basis for both 
disorders, outlined the features of their life 
histories, and established the presence of ab- 
normal myelin in the central nervous system. 

In the present communication, earlier mor- 
phologic considerations have been extended 
bevond the study of the temporal and spatial 
sequence of abnormal myelin to include the 
study of neuronal cell bodies, axons, and pre- 
terminals, as well as the interfascicular glia 
during myelinization. By this means, it has 
been possible to present a more complete pic- 
ture of the histologic correlates of faulty gene 
action in both animals, to delineate clearly 
certain fundamental differences between them, 
and to make a comparison between two neu- 
rologic disorders in laboratory animals and 
similar conditions in man. 


MATERIAL AND METHODS 


An extensive collection of Marchi-stained 
material was available for localizing areas of 
neurohistologic interest. Thionine and gallo- 
cvanin stains were used for cells and Weil and 
Weigert-Pal methods for fibers. Axon and pre- 
terminal degeneration was disclosed with the 
Nauta-Gygax technic. Since the latter technic 
was positive for the rabbit and negative for 
the mouse, the mouse brain was also studied 
for normal axons by Romanes and Cajal 
methods. 


RESULTS 


There is an important developmental differ- 
ence between the two mutations with regard 
to onset of signs. In the mouse, abnormal be- 
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havior is first detected early, at about two 
weeks post partum. Abnormal myelin is tract- 
specific (Fig. 1) and appears during the period 
when the major fiber systems begin to mveli- 
nate. In the rabbit, motor behavior is rarely 
impaired before the third postnatal month, by 
which time both brain and spinal cord are 
well advanced in myelinization. 

In the mouse, no axon or preterminal de- 
generation was found in any of the tracts 
which show extensive Marchi-positive materi- 
al, such as the vestibulospinal tract and the 
trapezoid body. The cranial nerves and ven- 
tral roots appeared unaffected. 

In the rabbit, by contrast, degeneration of 
axons and preterminals was found in several 
fiber systems and in the reticular formation of 
the brain stem. With the exception of the 
eighth nerve, the cranial nerves and ventral 
roots appeared unaffected, as did the descend- 
ing fibers from the cerebrum and the fibers of 
the middle cerebellar peduncle. 

In the spinal cord, degenerating axons were 
dispersed through all the funiculi, but the 
ventral funiculus and the ventral part of the 
lateral funiculus contained more abnormal 
axons than the dorsal funiculus. Rostrally, 
many of these degenerating axons continued 
into the nuclei of the posterior funiculus or 
into the cerebellum via the dorsal and ventral 
spinocerebellar tracts. Diffuse preterminal de- 
generation was present through most of the 
central gray matter—particularly in the ven- 
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Fig. 1. Photomicrograph of 
parasagittal section of Mar- pom 
chi preparation from mid- 
and hindbrain of wabbler- 7. 


lethal mouse showing tract- 
specific abnormal myelin 


tral horn (Fig. 2). The substantia gelatinosa 
and the nuclei dorsal to the central canal were 
marked by the absence of any preterminal de- 
generation. 

In the brain stem, degenerating fibers were 
most obvious in the spinocerebellar tracts, the 
brachium conjunctivum, the eighth cranial 
nerve and its central projections, and the re- 
ticular formation. The degeneration in the 
eighth nerve and its central connections was 


2 
Fig. 2. High-power photomicrograph of 


Nauta-Gygax preparation from anterior horn 
of spinal cord of ataxic rabbit showing axon 
and preterminal degeneration 


most marked. The vestibular root contained 
many degenerating fibers and preterminal de- 
generation was evident in the internal moiety 
of the cochlear nuclei. The fibers of the trape- 
zoid body, lateral lemniscus, and brachium of 
the inferior colliculus were almost entirely 


fragmented; the nucleus of the inferior collicu- 
lus was characterized by an extremely dense 
accumulation of degenerating preterminals 
(Fig. 3). There was a precise correlation be- 


Fig. 3. Photomicrograph of Nauta-Gygax 
——— from nucleus of inferior collicu- 
us of ataxic rabbit showing heavy axon and 
preterminal degeneration 
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Fig. 4. Low-power photomicrograph of 
Marchi preparation from caudal midbrain 
showing nucleus of inferior colliculus out- 
lined by extremely heavy accumulation of 
abnormal myelin 


tween the location of heavy fiber degeneration 
and of abnormal myelin as revealed by Marchi 
staining (Figs. 4 and 5). 

Degeneration in the reticular formation was 
extensive and not limited to any of the nu- 
clear subgroups suggested by Meessen and 
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Olszewski. More preterminal degeneration 
was perhaps seen in the lateral reticular nu- 
cleus and in the more ventrolateral areas of 
the rhombencephalic reticular formation. The 
nuclei in the floor of the fourth ventricle were 
free of degeneration, as were the pyramids 
and the medial lemniscus. 

Throughout the cord and brain stem, the 
mvelin sheaths were often heavily stained; 
this appeared to be more than the “myelin 
ring” artifact sometimes observed in Nauta- 
Gygax preparations and possibly was an indi- 
cation of beginning changes in the sheaths of 
fibers other than those whose axons had de- 
generated to the stage of fragmentation. A 
recent modification of the Nauta-Gygax pro- 
cedure® provided impregnations showing de- 
generating axons without the staining of my- 
elin sheaths, so that the involvement of the 
axons and preterminals in this form of abiot- 
rophy could be established without confusion 
of staining of myelin fragments with that of 
disrupted axis cylinders. 

The absence of axonic degeneration in the 
mouse was correlated with the presence of 
normal-appearing axons with silver stains, 
even in areas of heavy Marchi-positive materi- 
al, such as vestibular root and trapezoid body. 

In the mouse, abnormal myelin is widely 
distributed throughout the central nervous sys- 
tem, being related specifically to central nerv- 
ous system tracts. A comparison of the time of 
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Fig. 6. Photomicrograph of 5 
gallocyanin stain from nu- 
cleus of inferior colliculus 

of ataxic rabbit showing evi- va 
dence of cellular degenera- 
tion and phagocytosis 


onset of myelinization of individual tracts with 
the appearance of abnormal myelin reveals 
that tracts are affected in the same order as 
they myelinate.* Material yielding a Weigert 
stain similar to normal myelin is demonstra- 
ble about a week before a positive Marchi 
reaction can be obtained, and, since the ani- 
mals usually succumb to the genetic defect 
before the latest tracts myelinate, it is not 
known whether these (for example, the pyrami- 
dal tracts) are actually affected or not. All 
other tracts of the central nervous system ulti- 
mately become involved, so that the disease 
seems to involve central nervous system mye- 
linization on a very broad scale. It is not clear 


Fig. 7. High-power photomicrograph of gal- 
locyanin preparation from longitudinal sec- 
tion of spinal cord of wabbler-lethal mouse 
showing degenerated aspect of interfascicu- 
lar glia in lateral funiculus 
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whether the Marchi-positive material repre- 
sents a breakdown or faulty synthesis of my- 
elin, and this aspect is under further study. 
Nucleic acid stains revealed that the cellu- 
lar component of the principal nuclei of the 
central nervous system was usually of nor- 
mal appearance in both mouse and rabbit, al- 
though where Marchi clods were heaviest, for 
example, the nucleus of the inferior colliculus, 
evidences of cellular degeneration and phago- 
cytosis were found in the rabbit (Fig. 6). 
Nucleic acid stains could also be used to 
study glial elements and yielded results of 
interest. The interfascicular glia in the mouse 
(Fig. 7) showed evidence of extensive atrophy 


Fig. 8. High-power photomicrograph of gal- 
locyanin preparation from longitudinal sec- 
tion of litter-mate control of wabbler-lethal 
mouse (Fig. 7) showing normal appearance 
of interfascicular glia during myelinization 
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in those tracts wherein abnormal mvelin was 
present. This finding was especially striking if 
the tracts of normal and affected animals were 
compared at a time when mvyelinization was 
in early progress. At such times, the oligoden- 
droglia are lined up as conspicuous rounded 
cells rich in cytoplasmic ribonucleic acid along 
the axons in normal preparations (Fig. 8). In 
affected animals (Fig. 7), these elements fre- 
quently appear degenerated, there are gaps 
suggesting loss of cells, and the remaining 
elements often present a shrunken appearance 
with pycnotic nuclei and lack of cytoplasmic 
ribonucleic acid. In contrast to the degenerat- 
ed aspect of interfascicular glia, other glial 
elements were apparently normal in appear- 
ance and number, there being a notable ab- 
sence of any gliosis or cellular reaction in the 
areas of abnormal myelin. 

In the rabbit, the interfascicular glia were 
not studied during myelinization, since ataxia 
does not appear until after this process is well 
established. By contrast with the mouse, how- 
ever, there was some evidence of a cellular re- 
action to the degenerative changes of axons 
and sheath elements (Fig. 6). Mvelin break- 
down may be associated not only with axon 
and preterminal degeneration but also with 
hemorrhage, macrophage proliferation and ac- 
tivity, and gliosis. 

DISCUSSION 


The 2 mutants described above present in- 
teresting parallels with 2 classes of human 
neurologic disorders wherein the myelin sheaths 
of the central nervous system are also involved 
in pathology. 
~ The wabbler-lethal mouse appears to be a 
developmental defect wherein, perhaps be- 
cause of malfunction and degeneration of in- 
terfascicular glia, normal myelin cannot be 
formed or maintained in many tracts within 
the central nervous system. In this respect, 
there is a strong analogy with the human leu- 
kodvstrophies and the situation is reminiscent 
of Greenfield’s finding* of a loss of interfas- 

jcular glia in leukodystrophy which is “not 
secondary to loss of myelin, but appears to oc- 
cur at the same time.” 

The ataxic rabbit defect seems clearly de- 
generative rather than developmental and has 
the characteristics of a true abiotrophy. It re- 
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sembles the human system degenerations 


which also have strong hereditary tendencies. 
Like the spinocerebellar atrophies of rapid 
course, there is a marked similarity between 
the appearance of affected neural elements 
and the picture seen in wallerian degeneration. 

The results indicate the existence among 
laboratory animals of neurologic conditions 
with close histopathologic similarities to cer- 
tain human disorders. These neurologic muta- 
tions occur in laboratory stocks but are seldom 
investigated with sufficient care to permit ei- 
ther a delineation of underlying physical fac- 
tors or a comparison with human diseases. It 
is suggested that these mutants provide not 
only an opportunity to investigate both the 
mechanism of faulty gene action in conditions 
of neurologic interest but also the possibility 
of therapeutic assay in conditions which have 
been characteristically refractory to treatment. 


CONCLUSIONS 


1. Two mammalian mutations, the wabbler- 
lethal mouse and the ataxic rabbit, show motor 
disturbances coupled with myelin disturbances. 

2. The mouse defect appears to be develop- 
mental and associated with pathology of inter- 
fascicular glia and faulty myelin formation or 
maintenance. 

3. The rabbit defect is degenerative and 
associated with breakdown of axis cylinders 
and preterminals, as well as of myelin sheaths. 

4. The mouse and rabbit conditions bear 
strong resemblances, respectively, to leukodys- 
trophy and system degeneration in humans. 

5. Such mutations provide valuable materi- 
al for study and constitute a largely unex- 
plored source of material for the neurologist. 
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Central nervous system electrolyte pattern 


in allergic encephalomyelitis 


A. Fois, M.D., Ph.D., F. Sereni, M.D., Ph.D., L. Sereni, M.D., 
F. Malandrini, M.D., and J. Pieri, M.D. 


ELECTROLYTE METABOLISM and the excitabil- 
itv of the cerebral cortex are closely related. 
Important in this relationship is the ratio be- 
tween extra- and intracellular concentration of 
sodium. A decrease of this ratio is accom- 
panied by diminished excitability, while an 
increase lowers the threshold to seizures.’ 
The increased brain excitability that occurs in 
adrenalectomized animals has been shown to 
be related to the low ratio between the con- 
centrations of sodium in the interstitial and 
intracellular fluids.6:7 The anticonvulsant ac- 
tion of diphenylhydantoin*-* and Diamox* is 
attributable to a diminution of the intracellu- 
lar sodium in the nervous tissue; a similar 
mechanism could be invoked to explain the 
beneficial influence of desoxycorticosterone on 
some convulsive disorders of childhood.!° 

Millichap'':'* suggested that the ratio be- 
tween intra- and extracellular water content 
might be an important factor in controlling the 
convulsive threshold of the cerebral cortex. 
His opinion is based on the observation that 
convulsions are infrequent in premature and 
newborn infants and that newborn rats are 
much less susceptible to experimental seizures 
than older animals. In young animals, the 
sodium concentration within the cerebral neu- 
rons is low, as is the intra- to extracellular 
water ratio. The threshold to seizures de- 
creases progressively until adult age as intra- 
cellular water and sodium concentrations in- 
crease. 

On the basis of these data, we decided to 
study the brain and blood electrolyte and 
water metabolism in an abnormal condition 
characterized by a high susceptibility to con- 
vulsions: the experimental allergic encepha- 
lomyelitis induced with Freund’s technic! in 


guinea pigs. In this syndrome, generalized 
seizures commonly occur together with other 
neurologic symptoms. 

The main purpose of the present investiga- 
tion was to determine whether modifications 
of electrolyte metabolism occur in this type of 
experimental convulsive condition and, if so, 
whether these are similar to what has been re- 
ported in other situations. 


METHODS 


A total of 19 adult guinea pigs were used. 
In 11 animals, allergic encephalomyelitis was 
induced with Freund’s technic, while the re- 
maining 8 animals were kept as controls. The 
average period of incubation for encephalitic 
symptoms to develop was fifteen davs; the 
animals were killed when the symptomatology 
was well evident. 

Just before an animal was sacrificed, an 
electroencephalogram was recorded with elec- 
trodes fastened to the skull after removal of 
the scalp, according to the technic described 
by Fois.'* All the animals were sacrificed, 
under ether anesthesia, by exsanguination 
through puncture of the left ventricle. 

The blood was immediately centrifuged, 
and the following determinations were per- 
formed on the serum: sodium and potassium, 
with a Beckman flame photometer; chloride, 
according to Volhard; and phosphorus, accord- 
ing to Taussky and Shorr." 

Immediately after death, the brain and a 
portion of the spinal cord were removed. A 
cerebral hemisphere, a fragment of the cere- 
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bral cortex, and the brain stem were separat- 
ed. This procedure was always performed by 
one of us (A.F.) in order to ensure a uniform 
technic. 

The following determinations were per- 
formed on the central nervous tissue: [1] 
total water, calculated by difference between 
fresh weight and dry weight after desiccation 
in an oven at 100° C. to constant weight; [2] 
chloride, titrated according to Volhard on the 
cold nitric acid extract of the tissue; [3] 
sodium and potassium, determined on a sam- 
ple of incinerated tissue with a Beckman flame 
photometer; [4] ether-soluble lipid fraction 
measured by weighing. 

The values for intra- and extracellular elec- 
trolvte partition have been calculated accord- 
ing to the formulas suggested by Lowry and 
Hastings,'® modified by Tobian and Binion," 
using the chloride space as a measure of the 
extracellular fluid volume. Objections can be 
raised to the estimation of extracellular space 
from the chloride space, but we believe that 
these are not serious when interest is cen- 
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CHCEPHALITIC ANIMALS 


WORMAL ABNORMAL 
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CONTROLS 


Comparative findings for intracellular sodi- 
um and extracellular to intracellular sodium 
ratio 


TABLE 1 
CLINICAL SYMPTOMS 
AND ELECTROENCEPHALOGRAPHIC FINDINGS 
IN ENCEPHALITIC GUINEA PIGS 


Clinical symptoms 2 
Convul- 
Animal Paralysis sions 


Electroencephalographic 
findings 


| 


Normal 

Normal 

Normal 

Normal 

Normal 

Normal 
Convulsive activity 
Low voltage 

Convulsive activity 


Convulsive activity 


Low voltage and 
convulsive activity 


| 
| 
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TABLE 2 


SERUM ELECTROLYTE VALUES 
IN CONTROL AND ENCEPHALITIC ANIMALS 


cl Na K 
(mEq. (mEq. (mEq. P 
perliter) perliter) perliter) (mg.%) 
Controls 96 140 5.3 4.5 
+82 + 3.7 + 0.69 +14 
Encephalitic 89 134 4.6 3.6 
animals +8.9 + 4.6 + 0.36 + 3.7 


tered on relative rather than absolute values. 
The same analytic procedures were performed 
on the brain stem, cord, and cerebral cortex. 
However, we did not calculate the intra- and 
extracellular partition of sodium, potassium, 
and water because in our experience the 
chloride space is a reliable index of the extra- 
cellular space only for the cerebral cortex and 
not for the other sections of the central ner- 
vous system. 


RESULTS 


Our results are summarized in Tables 1 
through 4 and illustrated by the figure. They 
can be briefly described as follows: 


1. Neurologic abnormalities. Paralysis or 
paresis of the 4 limbs was observed in all 11 
animals treated with Freund’s antigen. Gener- 
alized convulsions were seen in 3 animals on- 


ly (Table 1). 


2. Electroencephalographic changes. Seizure 
activity occurred in 4 animals. In another 
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animal, a clear over-all reduction of amplitude 
of brain electrical activity was noted, while in 
the remaining 6 the electroencephalogram 
showed no change. 

3. Blood electrolytes. The serum contents 
of chloride, sodium, potassium, and phospho- 
rus were slightly lower in the treated group 
than in the control group of quinea pigs 
(Table 2). 

4. Biochemical changes in the whole cere- 
bral hemisphere, brain stem, and spinal cord. 
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The content of total lipids, water, chloride, 
sodium, and potassium of these structures is 
given in Table 3. The differences between the 
treated group of animals and the control group 
are small and do not reach statistical signifi- 
cance. 


5. Biochemical changes in the cerebral cor- 
tex. The more significant biochemical altera- 
tions involved the partition of water and elec- 
trolytes between intracellular and extracellular 
spaces in the cerebral cortex (Table 4). The 


TABLE 3 
WATER, LIPIDS, AND ELECTROLYTES OF THE HEMISPHERE, BRAIN STEM, AND 
SPINAL CORD OF ENCEPHALITIC AND CONTROL ANIMALS 


Number of lipids H,O cl Na K 
animals (%) (%) (mEq. %) (mEq. %) (mEq. %) 
HEMISPHERE 
Controls 8 6.7 + 1.02 84.6 + 4.35 3.2 + 0.36 3.4 + 0.26 6.3 + 0.74 
Encephalitic animals 9 69+ 1.0 85.3 + 2.24 3.0 + 0.36 3.2 + 0.37 5.6 + 1.28 
BRAIN STEM 
Controls 8 14.3 + 2.71 86.0 + 4.24 3.1 + 0.58 3.5 + 0.93 5.3 + 1.73 
Encephalitic animals 4 11.0 + 2.82 86.2 + 5.29 1.9+ 0.53 3.6 + 0.94 4.2 + 0.58 
SPINAL CORD 
Controls 8 17.4 + 2.80 84.8 + 4.84 2.4+0.35 3.4 + 1.02 4.1+ 1.16 
Encephalitic animals 6 14.2 + 3.46 84.3 + 4.18 2.1 + 0.68 3.1 + 1.04 4.8 + 0.87 
TABLE 4 
INTRA- AND EXTRACELLULAR PARTITION OF WATER AND 
ELECTROLYTES OF THE CEREBRAL CORTEX 
Encephalitic 
Controls animals 
Number of animals 8 10 
Total lipids (%) 5.72% 220 472 2.12 
Total H:O (%) 949+ 4.10 86.3+ 4.69 
Extracellular HO (%) 226+ 5.57 20.1+ 5.29 
Intracellular HO (%) 623+ 6.48 66.2+ 4.69° 
Total Cl (mEq.%) 29+ 0.76 25+ 0.60 
Total Na (mEq.%) 40+ 0.46 65+ 1.08° 
Extracellular Na (mEq.%) 3.2+ 0.73 272 057° 
Intracellular Na (mEq.%) 09+ 0.41 3.82 1.08° 
Intracellular Na (mEq. per liter) : intracellular H.O 14.7+ 5.65 57.0 + 15.40° 
Total K (mEq.%) 74+ 081 62+ 0.96° 
Extracellular K (mEq.%) ll+ 0.29 09+ 0.27 
Intracellular K (mEq.%) 63+ 0.94 5.2+ 0.98° 
Intracellular K (mEq. per liter) : intracellular HO 101.8 + 19.10 79.6 + 17.10° 


® Values significantly different from the controls (P = 0.01) 
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water and sodium contents of the intracellular 
space were significantly increased, while intra- 
cellular potassium, considered in proportion 
to the water content, was decreased. The ex- 
tracellular water and sodium were slightly de- 
creased. The total cortical content of chloride 
and potassium was sharply decreased. These 
changes indicate that some loss of intracellular 
potassium occurred, accompanied by a great 
shift of sodium into the cells. This resulted in 
a high intracellular concentration of sodium 
and in a lowering of the three ratios—extra- 
cellular to intracellular sodium, intracellular 
to extracellular potassium, and extracellular 
to intracellular water. Such modifications are 
precisely of the type which, according to the 
data in the literature, induces an increased 
neuronal irritability and a decreased threshold 
to seizures. However, in our experiment, not 
all of the affected animals had convulsions. 
Therefore, the water and electrolyte altera- 
tions were analyzed by comparing the changes 
occurring in animals having electroencephalo- 
graphic abnormalities with those found in ani- 
mals with normal electroencephalograms. The 
figure illustrates the comparative findings for 
intracellular sodium and the extracellular to 
intracellular sodium ratio. A clear correlation 
becomes apparent between an elevated intra- 
cellular sodium concentration and the occur- 
rence of electroencephalographic abnormali- 
ties. 


DISCUSSION 


It is commonly thought that encephalomye- 
litis, either of infectious or allergic origin, is 
associated with an extracellular edema of the 
brain. However, our data show that both the 
total water content and the chloride space (as 
an index of extracellular fluid) were not signifi- 
cantly increased in the brains of the affected 
animals. On the other hand, a consistent in- 
crease of intracellular water was noted in the 
cortex. 

The method we have employed for deter- 
mining extracellular water may have given 
erroneously high values, but it could not have 
given erroneously low values. If abnormal 
quantities of chloride ions had shifted into 
the cells, the actual extracellular fluid would 
be less than the value calculated here. We 
see no evidence, therefore, of an extracellular 


“edema,” if one can make use of that term. 

Our results on cerebral water partition are 
in disagreement with the results of Gollan and 
Visscher.’ These authors observed an increase 
of total sodium content in the brain of mice 
injected with MM encephalitis virus and con- 
cluded that this finding indicated an increased 
volume of extracellular fluid. On the basis of 
our results, it seems more likely that in their 
cases also the total sodium increase was the 
result of an elevated intracellular sodium con- 
tent. 

It may be relevant to remark here that the 
total water content of the spinal cord was not 
increased in the affected animals. No positive 
evidence can be derived from our data on the 
importance of edema in the pathogenesis of 
spinal paralysis. However, it is of interest to 
note that the spinal cord was the only part 
of the central nervous system where the potas- 
sium content was increased, though not signifi- 
cantly. We suggest that the increased intra- 
cellular potassium content may play a role in 
the pathogenesis of the spinal paralysis ob- 
served in the affected animals. Our data at 
this time are insufficient to support this hy- 
pothesis. 


CONCLUSIONS 


A depletion of intracellular potassium and 
an increase of intracellular sodium and water 
content occur in the cerebral cortex of guinea 
pigs affected by allergic encephalomvyelitis. 

Seizures and electroencephalographic ab- 
normalities appear in strict correlation with 
marked increases of intracellular sodium. No 
correlation was found between the occurrence 
of seizures and water increase or potassium de- 
pletion. 

These findings substantiate the theory that 
the intracellular sodium content is an impor- 
tant determinant of the excitability of the 
cerebral cortex. They tend to minimize the 
importance, in this regard, of cellular potassi- 
um depletion and water accumulation. 

These observations on allergic encephalo- 
myelitis in the guinea pig raise the possibility 
that similar alterations of ions and water parti- 
tion in cerebral tissue may be present in hu- 
man beings with analogous pathologic proc- 
esses and that such alterations may determine 
the occurrence of seizures in man. 
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On the evaluation of disability 
in multiple sclerosis 


John F. Kurtzke, M.D. 


A NECESSARY PREREQUISITE in establishing the 
efficacy of therapeutic measures in disease is 
accurate knowledge of the life history of the 
disease. This course is determined optimally 
by quantifying the amount of tissue destroyed 
or disrupted by the process at separate times 
in one or many patients. Such tissue change 
may be inferred in many ways. With an illness 
uniformly fatal in a limited time, survival 
rates are an appropriate measure of the dis- 
ease. With other diseases, the clinical labora- 
tory or radiologic evidence provides objective 
data. 

In multiple sclerosis, however, there are no 
auxiliary tools which will even establish the 
diagnosis, let alone measure severity at one 
point in time. Abnormalities of the cerebro- 
spinal fluid, while often aiding in supporting 
the diagnosis by means of elevated gamma 
globulin or abnormal colloidal gold curve, are 
far from pathognomonic and, even when 
present, are not as yet at least correlated with 
the severity or duration of this disorder. Sim- 
ilarly, there is no method of predicting the 
future of an individual afflicted with this dis- 
ease, although crude criteria of life expectancy, 
exacerbation rates, or incapacity have been 
offered as standards for groups. Even if these 
group predictions were valid (and most have 
been from retrospective studies), they would 
still be unsatisfactory for evaluating therapy, 
since many years observation is required by 
such approaches. However, a quantitative 
evaluation of severity of the disease process 
at two or more points in time could provide, 
for large groups under simultaneous evalua- 
tion, a reliable indication of the results of 
therapy. Based principally on the material to 
be presented, it is estimated that some 200 
patients followed for two years could suffice 
to give a definitive answer as to efficacy in a 


well-designed double-blind study. 
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The measure of severity in multiple scle- 
rosis must be established indirectly through 
the degree of neurologic disability caused by 
the disease. It is obvious that such disability 
can bear only a loose relationship to the 
volume of diseased tissue present. The plaques 
which are responsible for the neurologic dys- 
function may be in “silent” areas, new plaques 
may appear in regions already nonfunctioning, 
and disparate dysfunction may be caused by 
equal-sized lesions in different regions of the 
nervous system. However, the distribution of 
plaques throughout the white matter is such 
that the longer a neural pathway, the more 
likely it is to be involved, and the presence 
therein of multiple lesions leads to the greatest 
impairment of function in its more caudal 
extent. 

Accordingly, evaluation of neurologic dis- 
ability in patients with multiple sclerosis by 
means of a quantitative neurologic examina- 
tion can provide a useable measure to deter- 
mine the course of the disease. Such an ex- 
amination must, however, be applicable to all 
patients so that individuals with differing 
manifestations may be compared. 


METHOD 


The method presented consists of 2 com- 
plementary parts, the first being a series of 
grades in each of 8 functional groupings and 
the second a general disability status scale.! 
In each portion, there is a numerical rating 
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EVALUATION OF DISABILITY IN MULTIPLE SCLEROSIS 


which is mutually exclusive in its category, 
and the higher the number, the greater is the 
dysfunction. Only objectively verifiable defects 
due to multiple sclerosis as elicited upon neu- 
rologic examination are included. Symptoms 
per se are discarded. In each class, 0 refers 
to the normal state and 1 to the presence of 
abnormal signs without impairment of func- 
tion. Numbers above 1 depict progressive 
stages of disability. Where criteria for the 
precise grade are not met, the nearest appro- 
priate category is utilized. In each class, the 
letter “V" designates unknown. In appendix A 
is a summary of criteria for these grades. 


I. Functional groups. The neurologic find- 
ing are arbitrarily divided into 8 classes which, 
as can be seen, do not relate to strict ana- 
tomic quanta but rather represent a somewhat 
heterogeneous division of the functions of 
the central nervous system. Included are [1] 
pyramidal tract functions, [2] cerebellar func- 
tions, [3] sensory functions, [4] brain stem 
functions, [5] bowel and bladder functions, 
[6] visual functions, [7] mental functions, and 
[8] other functions. 


1. Pyramidal or corticospinal tract dysfunc- 
tion refers to such involvement affecting body 
parts below the head. Grade 1 includes find- 
ings such as Babinski sign, diminution of su- 
perficial abdominal reflexes, or unilateral hyper- 
reflexia, without disability. Grade 6 represents 
quadriplegia, that is, paralysis of the 4 limbs. 
Grade 5 includes paraplegia, hemiplegia, or 
pronounced quadriparesis. Grade 4 incorpor- 
ates marked paraparesis or hemiparesis, mod- 
erate quadriparesis, or monoplegia. Grade 3 
involves mild or moderate paraparesis or hemi- 
paresis, severe monoparesis, or mild quadri- 
paresis. Grade 2 includes all disability less 
than that attributed to grade 3. The 6 steps 
presently used represent the addition of 1 
stage on an earlier 5-point scale. 

2. Cerebellar disturbances are scored 0 to 5. 
Grade 5 includes ataxia so severe that pur- 
poseful action is impossible. By ataxia is meant 
intention tremor, decomposition of movement, 
dysmetria, dyssynergia, impaired check, and 
dysdiadochokinesia. Marked ataxia of the 
limbs but with some effective motion com- 
prises grade 4; truncal ataxia is usually present 
here too. Moderate truncal or limb ataxia is 
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grade 3, lesser dysfunction (mild ataxia) grade 
2. Grade 1 includes abnormal coordination on 
tests only, such as finger-nose, heel-knee, and 
succession movements, but without impair- 
ment of gait, skilled acts, or other coordinated 
movements involved in usual daily activities. 
In this category, significant weakness pre- 
cludes correct scoring. Therefore, an X is 
added to the degree of ataxia present when 
weakness exceeds grade 3 of the pyramidal 
scoring. 


3. Brain stem functions include disabilities 
attributable to lesions of supra- and _inter- 
segmental tracts subserving cranial nerves 3 
through 12, together with involvement of these 
nuclei or their intramedullary fibers. These, 
therefore, arbitrarily encompass pseudobulbar 
palsies and scanning speech as evidence of 
suprasegmental involvement (corticobulbar and 
cerebellar, respectively), in addition to the 
so-called “cranial nerve functions.” Grade 5 
is delineated by inability to speak or swallow 
and grade 4 by marked dysarthria or marked 
signs referable to the other cranial nerves, for 
example, facial diplegia or ophthalmoplegia. 
Grade 3 includes severe nystagmus or marked 
weakness of extraocular muscles or moderate 
dysfunction of other cranial nerves. Grade 2 
includes mild dysfunction, often in the form 
of nystagmus noticeable to the patient. Grade 
1 delineates abnormal findings without dis- 
ability. Sensory changes in the head segments 
are incorporated here. These defects listed are 
exemplary, not inclusive. 


4. Sensory dysfunction is graded in accord- 
ance with incidence in this disease, again 
referring to parts below the head. Grade 1 
includes diminished vibration sense or im- 
paired figure-writing discrimination of mild 
degree, which are the most common sensory 
defects in multiple sclerosis. A mild decrease 
in touch or pain or moderate decrease in posi- 
tion or vibration sense or in discrimination 
comprises grade 2. Hyposensitivity which is 
marked in degree or area delineates grade 3, 
and grade 4 incorporates analgesia or anes- 
thesia to groin, or hemianalgesia, hemianes- 
thesia. Grade 5 consists of loss of sensation 
up to the neck. 


5. Bowel and bladder function is scored as 
follows: grade 1 for mild hesitancy or urgency 
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or rare retention; grade 2 for moderate hesi- 
tancv, urgency, retention, or rare urinary in- 
continence; grade 3 for frequent incontinence. 
Grade 4 includes patients who need almost 
constant catheterization but who have intact 
bladder sensation; here severe bowel reten- 
tion or incontinence is a common finding. 
Grade 5 comprises those with no bowel or 
bladder control or sensation. impotence is 
not considered, although doubtless a disability 
attributable to multiple sclerosis, since psy- 
chogenic causes cannot be excluded and this 
complaint is totally untestable in the clinical 
situation. 


6. Visual functions are measured chiefly 
from the degree of impairment of vision in the 
worse eye. A scotoma not altering visual 
acuity (that is, acuity better than 20/30) 
comprises grade 1. A scotoma reducing cor- 
rected® acuity to 20/30 to 20/59 is given a 
grade of 2. Grade 3 includes moderate de- 
crease in fields, large scotomas, and corrected 
acuity of 20/60 to 20/99. Grade 4 designates 
marked decrease in fields and reduction of 
corrected acuity to 20/100 to 20/200. Grade 
5 signifies corrected visual acuity of less than 
20/200. When vision is impaired in both eyes 
and the better one would be scored as poorly 
as 3 or higher, an additional number is added 
to the grade for the worse eye so that grade 
6 is the highest possible score. The alternative 
method of measuring each eye individually 
seems to give undue weight to this small por- 
tion of the neuraxis. Visual field defects due 
to tract or other cerebral lesions are also in- 
cluded here. Homonymous hemianopic de- 
fects can be scored up to 3 without significant 
acuity loss; to be placed in category 4, the 
acuity must be less than 20/60 (category 
3 + 1 for bilaterality) when this is the sole 
optic defect. Temporal pallor is noted by 
using an X with the appropriate grade—for 
example, OX or 5X. Depending on the skill 
of the examiner, this finding too often is noted 
only after the diagnosis and, even when valid, 


*Acuity is corrected with lenses or pinhole; the latter will 
minimize refractive errors but will also often result in a 
“corrected” acuity worse than the “uncorrected” when 
central scotomas are present. In such an instance, the 
best score obtained on the Snellen chart is used. The pin- 
hole method allows acuity testing without cycloplegia and 
refraction. The principle of course is that of the box 


camera, 
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may have little correlation with the state of 
visual function. 


7. In the mental functions, grade 1 refers 
to mood aberrations such as euphoria or de- 
pression, which may not be a primary effect 
of the disease process, but this is hoped to 
represent that stage of brain damage when 
alterations of personality or emotional control 
are the sole features. Grade 2 represents mild 
decrease of mentation as brought out by fine 
testing, usually in terms of impaired abstract- 
ing or mathematical abilities. Grade 3 requires 
moderate mentation impairment (memory, 
judgment, insight). Grade 4 depicts a greater 
degree of impairment but not sufficient to be 
considered incompetent; here some disorien- 
tation is usual. Grade 5 represents the incom- 
petent demented patient. It is not considered 
necessary to rely upon formal psychologic tests 
for these groups. 


8. A category labeled “other functions” is 
included for those findings not assignable to 
the previous groups; these would include low- 
er motor neuron weakness, aphasia, and sei- 
zures, among others, and the entire group is 
graded as 0 or | only; 0 for none, and 1 for 
one or more such dysfunctions. The pertinent 
defects are then listed but not quantitated. 


II. Disability status scale. After these various 
findings and their severity are categorized, 
there is still the question of comparing these, 
one with another. The total disorder in a pa- 
tient cannot be described by adding together 
these scores, any more than pears and apples, 
and yet there is certainly needed an over-all 
rating for one or many patients which can be 
compared. Accordingly, the disability status 
scale was devised to depict progression of dis- 
ease as it usually occurs, that is, with emphasis 
on ambulation but also with the provision for 
grades in the less involved individual. This 
scale is on a 0 to 10 basis. 

As above, 0 is normal and 1 represents 
signs without disability. Category 2 indicates 
minimal involvement in but 1 or 2 of the 
previous functional groups. These may include 
findings such as slight weakness, awkwardness, 
or visuomotor disturbance. Category 3 repre- 
sents moderate dysfunction in an ambulatory 
patient and includes such findings as mild 
hemiparesis or paraparesis or moderate gait 
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ataxia. Category 4 includes patients more han- 
dicapped but still able to be up and about 
at least twelve hours a day. This usually 
implies the physical capacity to work and use 
public transportation. Findings such as moder- 
ate paraparesis, mild paraparesis with ataxia, 
or combinations of lesser dysfunctions are 
representative of this group. Category 5 in- 
cludes those still more impaired but yet able 
to walk without aid for fair distances, that is, 
several hundred feet at least. Moderate par- 
aparesis with ataxia, severe visual or brain 
stem dysfunction, or mild defects in a number 
of functional groups are characteristic for this 
stage. 

In status 6 are patients who need canes, 
braces, or crutches to ambulate. Severe par- 
aparesis, usually with ataxia, sensory defects, 
and some brain stem signs, is typical for 
category 6. Some care must be taken here else 
patients properly assignable to this class might 
be listed as 7, the wheel-chair group. Ambu- 
lation with aid (even the aid of other persons) 
marks 6. Status 7 patients are those restricted 
to wheel chair but able to enter and leave 
same without the aid of other persons and 
able to. manipulate the chair. This includes the 
paraplegic patients. Bed patients comprise 
status 8, but this group also contains per- 
ambulated wheel-chair inhabitants; some use- 
ful arm function must remain or else he is 
placed in category 9—the totally helpless bed- 
patient. Status 10 refers to patients who die 
of the disease, either in acute exacerbation or 
because of respiratory complications. Deaths 
due to other intercurrent disease are excluded. 

When the previously described functional 
groups are utilized, a simple rule for the 
lower (milder) part of the disability scale is 
that no patient can have a disability status 
number less than the highest number in any 
individual functional group. Once category 6 
is attained in the disability scale, correct as- 
signment presents little difficulty. 

A convenient means of recording this two- 
fold grading method consists of a simple 
stamp (Fig. 1) with space to list the pertinent 
number under each of the functional groups 
(P, Cll, BS, S, B-B, V, M, O for pyramidal, 
cerebellar, brain stem, sensory, bowel and 
bladder, visual, mental, other). There is also 


Functional groups 


P |} Cll] BS B-B]| V M Oo 


Disability Status 
Seale (0-10) 


Fig. 1. Stamp for denoting, by methodology 
presented, neurologic impairment in patients 
with multiple sclerosis 


space for the Disability Status Scale number 
(0-10). 


APPLICATION 


The standard neurologic examinations of 
over 400 patients have been assessed and the 
defects classified in these functional groups 
and the Disability Status Scale; 315 patients 
from Veterans Administration Hospital, Bronx, 
N.Y., are included, although the functional 
groups then in use had but 5 grades in the 
pyramidal system and visual and cerebral 
functions were included in the “other func- 
tions.”? An additional 93 patients, largely from 
Veterans Administration Hospital, Coatesville, 
Pa., have been categorized with the 8 func- 
tional groups noted above. 


% Frequency 


Disability status 


Fig. 2. Frequency distribution of admission 
status of 408 patients with multiple sclerosis 
on Disability Status Scale 
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Figure 2 shows the distribution of the dis- 
ability status in 408 patients at the time of 
admission. The curve, although somewhat 
skewed, indicates an adequate number of pa- 
tients in each class except at the extremes, 
where small numbers are expected. The course 
of a single patient can be plotted using the 
Status Scale as ordinate against time as ab- 
scissa. The major advantage of this Disability 
Scale, however, is that it permits comparison 
at 2 designated periods of large groups of pa- 
tients. To show this graphically, the Disability 
Status Scale (admission) is plotted as the 
ordinate (Y axis) against the Disability Status 
Seale (discharge) as abscissa (X axis). A 
patient admitted as Status 7 and discharged as 
Status 2 would then have a locus where 7 on 
ordinate and 2 on abscissa meet—such a pa- 
tient is indicated by bold type on the accom- 
panying chart (Fig. 3). This is obviously 
notable improvement. If one draws a diagonal 
through the origin (0 point), all the patients 
in the boxes bisected by this diagonal would 
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have the same status number on admission and 
discharge and hence would be unchanged. In 
the series cited, 34% of 350 patients improved 
(were above the diagonal line) and 13% 
became worse (were below the diagonal) dur- 
ing hospitalization. 

The functional groups may likewise be com- 
pared—but only with themselves, that is, 
pyramidal against pyramidal. These groups are 
listed in the order of their involvement in 
multiple sclerosis; in this series, pyramidal 
involvement was present in 93% of the 408 
patients, cerebellar in 87%, brain stem in 81%, 
sensory in 65%, and sphincter in 53%. Visual, 
mental, and other functions in the recent 93 
patients were involved in 40%, 20%, and 1%, 
respectively. The distribution of the individual 
grades in the separate functional groups may 
be seen in Appendix B. In each group, every 
grade is represented by at least 1 patient, most 
patients falling into the intermediate grades 
for the more prevalent disorders (pyramidal 
through sensory) and into the lower grades, 
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Fig. 3. Correlation of admission and discharge status according to Disability Status Scale in 350 
patients with multiple sclerosis. Ordinate (Y axis) represents admission status (0 to 10), and 
abscissa (X axis) represents discharge status. Right 2 columns represent distribution in numbers 
and per cent of patients’ admission disability status. Top 2 rows show distribution in numbers 
and per cent of same patients on Disability Status Scale at discharge. With this correlation, pa- 
tients with no change in status—hence, same status number on admission and discharge—could 
be located by a diagonal line drawn through origin (0 point). Patients who improve are above 


this line, those who worsen are below it. 
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or milder disability, in the less frequent groups 
(sphincter, visual, mental). 


DISCUSSION 


This complementary system of rating dis- 
ability in multiple sclerosis provides a reason- 
ably complete and reproducible method of 
scoring. The functional groups cited incor- 
porate in a quantitative manner almost all 
manifestations of the disease. It is obvious, 
though, that each group can be compared only 
with itself, since there is no basis in fact for 
assuming that the separate groups are equiv- 
alent to each other in representing the amount 
of disease present; grade 3 in pyramidal is not 
equal to grade 3 in brain stem. For this 
reason, the separate scores cannot be added 
together in order to obtain a total disability 
score. In addition, since not all signs may 
follow the same course in a patient, large 
fluctuations may be obscured with an un- 
changing total were the groups added. Further, 
such a total score could “improve” while the 
patient became worse, for example, if increas- 
ing weakness obscured cerebellar signs or if 
dementia precluded visual or sensory testing. 

The oyer-all Disability Status Scale was the 
result of this need for an interpatient com- 
parison. While this is based upon the func- 
tional groups, inasmuch as these represent the 
sum of neurologic impairment, it permits an 
equivalent grade for what is hoped to be an 
equivalent amount of disease, regardless of 
the structures involved. Here then a retro- 
bulbar neuritis can be compared with a paretic 
leg. Admittedly, these equivalents are approx- 
imations but seem at present to be the best 
available for this disease, multiple not only 
in name but in the problems it presents. The 
10 steps used are arbitrary but have been the 
answer to the question of how few stages are 
necessary to depict this disorder. In a_pre- 
liminary scale used, there were only 6 steps, 
but these proved insufficient and further ones 
were added—singly and reluctantly—to attain 
the current scale. 

It was first considered that this simple Dis- 
ability Status Scale would be sufficient for 
grading a patient with multiple sclerosis, but 
many objections were raised: for example, 
blurred margins between grades at the lower 
end; where the patient with only eye or arm 


involvement would fit in; and even the em- 
phasis on ambulation.* Objections were also 
voiced to having too few and also too many 
stages. Therefore, it seems best to utilize this 
complementary method, the first of functional 
groups to delineate the nature of the neuro- 
logic insults and the over-all scale to sum- 
marize the resultant of such insults. 

Other methods of mensuration have been 
proposed. Alexander’s scheme* is a complex 
summation of 30 signs and disabilities, which 
for some functions are duplicated; in each 
class, an arbitrary and differing numeric rating 
is given and the total derived to give a score 
for the patient. The overlapping of items 
scored, the varied ratings for individual items, 
the complexity of the system, and the use of 
the arithmetic sum to denote one patient all 
are factors against acceptance of this scheme. 
Arkin, Sherman, and Weinberg® proposed a 
method involving 18 separate groupings, each 
with its own score which was not additive. 
With this, there was no way to compare 
patients or to summarize the dysfunction in 
one patient. 

McAlpine, Compston, and Lumsden® have 
utilized a scale quite similar to the Disability 
Status Scale but with 6 grades, some of which 
even employ similar phraseology. Their 6 is 
equivalent to our Categories 8 and 9 and 5 to 
Category 7. Our Category 6 incorporates part 
of their 3 and 4, with Category 5 the remain- 
der of their 3. Their 2 and Category 4 are 
identical, and their 1 includes our Categories 
1, 2, and 3. Thygesen? had a similar 5-point 
scale of incapacity, the first 3 concerning 
ability to work, the fourth being “incapac- 
itated” and the fifth “bedridden.” Objections 
to these last 2 scales are principally the small 
number of steps and, also the lack of positions 
for patients who are fully ambulatory. Except 
for these instances, little attempt at mensura- 
tion has been made in this disease, and cer- 
tainly there has been no generally accepted 
scheme. 

The complementary method presented here 
includes in the Disability Status Scale a use- 
able system for comparison of many patients 
over time, while the supporting functional 
groups delineate not only the type but also 
the severity of the neurologic impairment 
present in each individual. Each of the func- 
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tional groups moreover can be used for com- 
parison among many patients in terms of the 
specific functions tested. A grid correlation 
similar to that in Figure 3 can be set up for 
each functional group, such as pyramidal or 
sensory. In this way, one can denote the 
incidence of specific impairment and _ the 
changes therein with exacerbations and _re- 
missions. Further, the functional groups pro- 
vide a useful check on the Disability Status 
Scale since there should be no change in the 
latter status number without change in one 
or more of the functional group scores to 
support the new status. It is concluded, there- 
fore, that this complementary scoring method 
represents the best available device for measur- 
ing the severity of neurologic impairment due 
to the lesions of multiple sclerosis, which im- 
pairment in turn is the only possible means 
of quantitating the severity of the disease 
itself. 


SUMMARY AND CONCLUSIONS 


1. A complementary twofold method of 
evaluating disability in multiple sclerosis is 
presented. 

2. The first part consists of a graded score 
on a 0 to 5 or 6 basis assigned to each of 8 
functional groups, which are [1] pyramidal, 
[2] cerebellar, [3] brain stem, [4] sensory, 
[5] bowel and bladder, [6] visual, [7] mental, 
and [8] other functions. 


3. The second part consists of an over-all 


Disability Status Scale which is on a 0 to 10 
basis. It is this part which permits comparison 
within or among groups of multiple sclerosis 
patients over a period of time. This portion 
is based upon the functional groups in such 
manner that no status score can be less than 
the number given in any 1 group; it is, how- 
ever, independent of the individual groups 
per se. 

4. Applicability of this method of disability 
evaluation in over 400 patients with multiple 
sclerosis is described. 

5. Theoretic basis for this scheme and the 
need for this twofold approach are discussed. 
It is emphasized that the only means of evalu- 
ating the severity of multiple sclerosis is a 
quantitative evaluation of the neurologic defi- 
cits caused by this disease. 
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APPENDIX A 


I. Functional Groups 


~ 


. Pyramidal functions 
0=normal 
1=abnormal signs without disability 
2=minimal disability 
3=mild or moderate paraparesis or hemi- 
paresis; severe monoparesis 
4=marked paraparesis or hemiparesis; 
moderate quadriparesis; or monoplegia 
5=paraplegia, hemiplegia, or marked quad- 
riparesis 
6=quadriplegia 
V=unknown 


to 


. Cerebellar functions 


0=normal 


1=abnormal signs without disability 
2=mild ataxia 

3=moderate truncal or limb ataxia 
4=severe ataxia all limbs 

5=unable to perform coordinated move- 
ments due to ataxia 

V=unknown 


X is used after 0-3 when weakness of grade 
3 or more interferes with testing 


3. Brain stem functions 
0=normal 
1=signs only 
2=moderate nystagmus or other mild dis- 
ability 


3=severe nystagmus, marked extraocular 
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weakness, or moderate disability of other 
cranial nerves 

4=marked dysarthria or other marked dis- 
ability 

5=inability to swallow or speak 
V=unknown 


. Sensory functions 


0=normal 

1=vibration or figure-writing decrease only 
2=mild decrease in touch or pain; moder- 
ate decrease in position, vibration, or dis- 
crimination 

3=marked hyposensitivity (not complete ) 
4=analgesia or anesthesia to groin; hemi- 
anesthesia or hemianalgesia 

5=analgesia and anesthesia to neck 


V=unknown 


. Bowel and Bladder Functions 


0=normal 
1=mild hesitancy, urgency, or retention 


2—moderate hesitancy, urgency, retention, 
or rare urinary incontinence 


3=frequent incontinence 


4=in need of almost constant catheteriza- 
tion but with intact bladder sensation; 
severe bowel retention and/or incontinence 
5=lack of sensation and control of bowel 
and bladder function 


V=unknown 


. Visual functions 


0=normal 


1=scotoma with visual acuity (corrected) 
better than 20/30 


2—=worse eye with scotoma with maximal 
visual acuity (corrected) of 20/30 to 20/59 


3=worse eye with large scotoma, or moder- 
ate decrease in fields, but with maximal 
visual acuity (corrected) of 20/60 to 20/99 
4=worse eye with marked decrease of fields 
and maximal visual acuity (corrected) of 
20/100 to 20/200; grade 3 plus maximal 
acuity of better eye 20/60 or less 

5=worse eye with maximal visual acuity 
(corrected) less than 20/200; grade 4 plus 
maximal acuity of better eye 20/60 or less 


6=grade 5 plus maximal visual acuity of 
better eye 20/60 or less 


V=unknown 


X is added to grade 0-6 for presence of 
temporal pallor 


7. Mental functions 
0=normal 
1=mood alteration only 
2—mild decrease mentation 
3—moderate decrease mentation 
4—marked decrease in mentation (chronic 
brain syndrome, moderate ) 
5=dementia; or chronic brain syndrome, 
severe, incompetent 
V=unknown 

8. Other functions 
O=none 
l=any other findings ( specify ) 
V=unknown 


Disability Status Scale in Multiple Sclerosis 


0=Normal neurologic examination (all grade 
0 in functional groups ) 


1=No disability, minimal signs (Babinski, 
minimal finger-to-nose ataxia, diminished vi- 
bration sense) (grade 1 in functional groups) 


2=Minimal disability—slight weakness or stiff- 
ness, mild disturbance of gait, or mild visuo- 
motor disturbance (1 or 2 functional grade 2) 


3=Moderate disability—monoparesis, mild 
hemiparesis, moderate ataxia, Tisturbing sen- 
sory loss, or prominent urinary or eye symp- 
toms, or combinations of lesser dysfunctions 
(1 or 2 functional grade 3 or several grade 2) 


4=Relatively severe disability not preventing 
ability to work or carry on normal activities 
of living, excluding sexual function. This in- 
cludes the ability to be up and about twelve 
hours a day (1 functional grade 4 or several 
grade 3 or less) 


5=Disability severe enough to preclude work- 
ing, with maximal motor function walking un- 
aided up to several blocks (1 functional grade 
5 alone, or combination of lesser ) 


6=Assistance (canes, crutches, braces) re- 
quired for walking (1 functional grade 6 
alone or combination of lesser ) 


7=Restricted to wheel chair—able to wheel 
self and enter and leave chair alone (combina- 
tions with at least 1 above functional grade 4) 


8=Restricted to bed but with effective use of 
arms (combinations usually functional grade 
4 or above in several functional groups ) 


9=Totally helpless bed patients (combinations 
usually functional grade 4 or above in most 
functional groups ) 


10=Death due to multiple sclerosis 


7 


694 NEUROLOGY 
APPENDIX B 4. SENSORY FUNCTIONS ; 
—New—— 
Grade No. Percent No. Percent } 
Distribution of patients in the functional 0 114 37.1 26 29 
groups, divided in old series of 315 patients 1 36 11.7 17 19 
and new series of 93 patients with multiple 2 -5 24.4 35 38 
— 3 64 20.8 12 13 
4 18 5.9 1 1 } 
5 0 0 
1. PYRAMIDAL FUNCTIONS Vv (8) (2) 
——Old— Sum 307 99.9 91 100 
Grade No. Percent No. Percent 
0 26 8.3 2 2 5. BOWEL AND BLADDER FUNCTIONS d 
1 46 14.6 6 6 Old. N 
2 73 23.2 16 17 Grade No. Percent No. Percent 
3 116 36.8 25 27 
4 52 «165 29 31 39 42 
5 2 0.6 14 15 15.8 18 20 
= 2 59 s«19.1 8 9 
V 0 = 0 am 3 19 6.1 18 20 
4 15 4.9 9 10 
Sum 315 100.0 93 100 5 19 6.1 0 - 
Vv (6) (1) 
Sum 310 100.2 92 101 


2. CEREBELLAR FUNCTIONS 


——Old— ———New————.._ 6. VISUAL FUNCTIONS (against old “other” group 


Grade No. Percent (No.-X) No. Percent in which the visual were incorporated ) 
0 45 14.4 ( 4) 6 8 Grade No. Percent No. Percent 
27 8686 ( 0 0 912. 686 47 50 
2 58 «185 (11) 1 10 3.9 4 5 
3 118 37.7 38 50 2 34 11.0 10 13 
4 65 20.8 15 20 3 33 10.7 5 6 
5 0 4 15 4.9 5 6 
Vv 5 5 1.6 6 8 
Sum 313 100.0 (17-X) 76 100 6 3 4 
Vv (6) (13) 
Sum 309 100.0 80 101 
3. BRAIN STEM FUNCTIONS : 
FOR CEREBRAL FUNCTIONS (new series) 
Grade No. Percent No. Percent Grade No. Per cent 
56 17.8 23 25 0 73 80 
36 11.4 16 17 1 9 10 
113 35.8 35 38 2 6 6 
86 27.3 16 17 3 2 2 
22 7.0 3 3 4 1 1 
2 0.6 0 _— 5 1 1 


315 99.9 93 100 Sum 92 100 
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Cerebral artery occlusions in children 
due to trauma to the head and neck 


A report of 6 cases verified by cerebral angiography 


Esther Frantzen, M.D., H. H. Jacobsen, M.D., and 


J. Therkelsen, M.D. 


WHILE CEREBRAL VENOUS THROMBOSES and 
cerebral emboli are well known in childhood 
and often secondary to other disease, cerebral 
artery occlusions are only rarely encountered. 

Traumatic occlusions of the carotid artery 
after open or closed lesions of the head and 
neck in adults have been described by, among 
others, Greco;! Erikson;? Northcroft and Mor- 
gan;* Caldwell and Hadden;* Raney;* Schneid- 
er and Lemmen;® Thiébaut and associates;* 
Clarke, Dickson, and Smith;* Sedzimir;® Jacob- 
sen and Skinhgj;! and Hockaday."! 

Only few casuistic descriptions of cerebral 
artery occlusions in children can be found in 
the literature. Possible etiologic factors have 
been mentioned, such as infectious disease in 
the neck,!* arterial disease,!* and spontaneous 
thrombosis.!4:15 In 1949, Petit-Dutaillis and 
associates'® presented a case of thrombosis of 
the internal carotid artery with a possible trau- 
matic etiology in a 13-year-old boy in whom 
symptoms developed after diving into a swim- 
ming pool. In 1954, Philippidés, Linck, and 
Montrieul!? described another case of carotid 
artery thrombosis in an 11-year-old boy who 
had suffered a sword cut in the tonsillar re- 
gion. 


MATERIAL 


This material has been collected from neu- 
rologic and neurosurgical departments in Co- 
penhagen within the last eight years and in- 
cludes 1 girl and 5 boys. The ages varied from 
20 months to 14 years. All of the patients had 
experienced trauma involving the head and/or 
neck. All of these patients were examined by 
carotid angiography. Occlusions of the carotid 


artery in the neck were found in 3 patients 
and occlusions of the middle cerebral artery 
were found in 3. 


CASE REPORTS 


Case 1. A 14-year-old boy had been in good 
health until he fell from a bridge into the water 
during a camping holiday. As he emerged from 
the water, he hit his head on the wooden bridge 
and lost consciousness, exhibiting conjugate devi- 
ation of the eyes toward the left. After two days, 
right hemiplegia developed, which included his 
face. A small cutaneous hematoma was found in 
the right temple. Roentgen examination of the 
skull was normal. An electroencephalogram showed 
a focus of slow activity in the left parietotemporal 
and parietofrontal regions. 

Left carotid arteriography was carried out on 
the fourth day and disclosed a complete occlusion 
of the left middle cerebral artery and, in addition, 
small defects in the contrast medium of the inter- 
nal carotid artery in the neck. He was treated with 
repeated stellate blocks. He regained conscious- 
ness in a few days, and there was some remission 
of the paralysis. After one month, he left the hos- 
pital with aphasia, paralysis of the arm, and a 
moderate paresis of the leg. When he was readmit- 
ted for control after nine months, he was some- 
what demented with a slight right-sided spastic 
hemiparesis. Control arteriography in the left com- 
mon carotid artery was now normal. An electro- 
encephalogram was slightly abnormal with some 
slow activity in the left parietotemporal region. 

Case 2. A 6-year-old boy had been in good 
health until he fell and hit his head on a play pen. 
After one and a half hours, he poset et of pain 
in the right temple, became somnolent, and vomit- 
ed. On admission, he was still somnolent. No signs 
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of external lesions were found. There was slight 
left hemiparesis, including the face, and the spinal 
fluid was normal. Roentgen examination of the 
skull showed no fracture. Bilateral carotid arteriog- 
raphy was performed on the day after admission. 
On the right side, influx of contrast medium was 
found in the posterior cerebral artery and in the 
first part of the middle cerebral artery up to the 
bifurcation. From here on, contrast medium was 
found only in a lower Sylvian artery, while the 
larger vessels of the Sylvian group running back- 
ward were devoid of contrast. The right anterior 
cerebral artery was only slightly filled, but was 
visible on the left arteriograms which were quite 
normal. 

Papilledema developed, and a _ventriculogram 
was made. The ventriculogram showed a slight 
ventricular dilation. An electroencephalogram was 
severely abnormal with a focus of slow activity in 
the right temporal area. Rapid remission of pare- 
sis of the leg followed, but pronounced paresis of 
the arm persisted. Control arteriography after one 
month showed a subtotal occlusion at the bifurca- 
tion of the right middle cerebral artery, with a 
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Fig. 1. (Case 3) Occlusion 
of right middle cerebral ar- 
tery. Right carotid arteriog- 
raphy. Oblique view. 


more abundant—but not normal—outflow into the 
Sylvian vessels. The cephalic end of the internal 
carotid artery was more narrow than it was in the 
first examination. Cardiologic examination gave 
no evidence of heart disease. Moderate left hemi- 
paresis was still present after eight months. 

Case 3. This case was presented earlier by Ja- 
cobsen and Skinhgj.'* An 11-year-old boy, previ- 
ously healthy apart from a tendency toward head- 
aches, fell on the stairs and hit his nose two days 
prior to admission. On the following day, he was 
found somnolent. His left arm jerked and his back 
was stiff. He complained of diplopia. The eyes 
deviated toward the right. There was right-sided 
ptosis; left homonymous hemianopsia; left spastic 
hemiparalysis, including the face; and left-sided 
hemianesthesia. There were no external lesions of 
the head. Roentgen examination of the skull showed 
no fracture. Two days later, right carotid arteri- 
ography showed an occlusion of the middle cere- 
bral artery 1 cm. distal to the bifurcation of the 
internal carotid artery (Fig. 1). Contrast medium 
was found in the anterior insular arteries but noth- 
ing was found in the Sylvian vessels. Repeated ar- 
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teriography after five days gave no clear-cut pic- 
ture of the right middle cerebral artery. However, 
there was contrast in the Sylvian vessels with some 
delay. It could not be decided whether the Sylvian 
vessels were filled from the anterior or from pial 
anastomoses. An electroencephalogram was slight- 
ly to moderately abnormal with slow activity in 
the right parietooccipital area. 

This patient, who was left-handed, had a transi- 
tory episode of aphasia after nine months. Fifteen 
months after the primary artery occlusion, the left 
hemiparesis recurred. Right-sided carotid arteriog- 
raphy now revealed evidence of a complete occlu- 
sion of the right anterior cerebral artery 4 mm. 
above the anterior communicating artery. The 
main stem of the right middle cerebral artery was 
replaced for a distance of 5 mm. by several smaller 
vessels (Fig. 2). An electroencephalogram was 
now severely abnormal with slow activity on the 
right hemisphere. The patient was treated with 
anticoagulant therapy and stellate blocks. One and 
a half years after the first cerebrovascular accident, 
he was demenied. The left hemianopsia persisted, 
and there was a diffuse paresis of the left arm. His 
gait was slightly spastic. 

Case 4. A 5-year-old girl was previously healthy 
until, on the day of admission, she fell against the 


Fig. 2. (Case 3) Irregular 
outline and caliber of origin- 
ally occluded middle cere- 
bral artery. Complete occlu- 
sion of right anterior cere- 
bral artery. Right carotid ar- 
teriography. Oblique view. 


sharp edge of an iron bed, hitting the right side 
of her forehead and her right cheek. She was un- 
conscious for a few minutes and then somnolent. 
She complained of frontal headaches and difficul- 
ties in breathing. A wound 3 cm. long was found 
in the right cheek and excoriations in the right 
frontal region. The right pupil was contracted and 
the right palpebral fissure narrowed. She exhibited 
left hemiparalysis, including the face. Cutaneous 
sensibility was normal. Roentgen examination of 
the skull was normal. 

Bilateral carotid arteriography after twenty-four 
hours showed a complete occlusion of the right 
internal carotid artery in the neck opposite the at- 
las. Left-sided arteriography showed filling of the 
right anterior cerebral artery from the left side but 
no filling of the right middle cerebral artery. Bi- 
lateral control arteriography after six weeks con- 
firmed the occlusion, which was now found 1 cm. 
above the bifurcation of the common carotid ( Fig. 
3). There was a slight filling of the right middle 
cerebral artery from the left side. The initial elec- 
troencephalogram showed severe focal abnormali- 
ties on the right hemisphere, especially in the tem- 
poral area. Later electroencephalograms were only 
slightly abnormal. An electrocardiogram was nor- 
mal. She was treated with anticoagulant therapy 
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Fig. 3. (Case 4) Carotid arteriography six 
weeks after trauma shows an occlusion of 
the internal carotid artery 1 cm. above bi- 
furcation. 


and stellate blocks. An almost complete remission 
of the leg paresis followed, but the paralysis of the 
arm persisted after seven months. A systolic mur- 
mur could be heard on the site of the thrombosis. 


Case 5. A 21-month-old boy was previously 
healthy until, on the day of admission, he was run 
over by a truck and suffered lesions of the thorax, 
neck, head, and a fracture of the right clavicle. He 
was somewhat shocked but conscious and showed 
no paresis. Petechiae were noted on the anterior 
aspect of the neck. After forty-eight hours, he 
lost consciousness and exhibited right hemiparaly- 
sis. He was treated with physical therapy. 

He was first admitted to a surgical department 
and was not referred to a neurologic department 
until after four months when focal seizures devel- 
oped. Neurologically, right hemiparesis was found. 
Roentgen examination of the skull was normal. An 
electroencephalogram showed a focus of slow ac- 
tivity with spikes in the left temporal area. Left- 
sided carotid arteriography was performed and 
showed an occlusion of a narrow internal carotid 
artery immediately below the base of the skull. 
Air encephalography showed left ventricular and 
cortical atrophy. Anticonvulsant therapy was begun. 

Control examination after one and a half years 
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showed that he was slightly retarded. There was 
slight right facial paralysis, spastic paralysis of the 
right arm, and slight spastic paresis of the leg. A 
systolic murmur was heard on the left side of the 
neck. His history revealed rare focal seizures. 
While on medication, an electroencephalogram was 
still severely abnormal with spike-focus on the left 
hemisphere. 

Case 6. A 14-year-old-boy had been treated for 
epilepsy in early childhood. On the day of admis- 
sion, he was hit in the left side of the neck by a 
chance shot from a 6 mm. rifle. There were no 
immediate neurologic symptoms, but, after twenty- 
four hours, he became soporose and showed left 
hemiparesis. 

On examination, the gunshot wound was seen 
behind and below the left mandibular angle. The 
trachea was transpierced, and the bullet was seen 
on the roentgenograms extracranially and imme- 
diately below the petrous bone. Right-sided carot- 
id arteriography on the following day showed an 
occlusion of the right internal carotid artery 5 cm. 
below the bullet. An electroencephalogram showed 
slow activity on the right hemisphere. He was 
treated wth hypothermia and anticoagulant ther- 
apy. The paresis of the leg subsided, but, after 
one and a half years, he still had moderate spastic 
paresis of the left arm. He was slightly demented 
and exihibited behavior disorders. An electroen- 
cephalogram remained unchanged and abnormal. 


DISCUSSION 


Pathogenesis. The traumatic internal carotid 
artery occlusions in adults without arterioscle- 
rosis have been explained in the case of the 
open wounds by a direct arterial wall lesion, 
including the endothelium, leading to a sec- 
ondary thrombosis. In closed traumas of the 
neck, Sedzimir® presumed that the trauma 
caused an overstretching of the artery, releas- 
ing a spasm which gave the illusion of a throm- 
bosis. Clarke, Dickson, and Smith® are of the 
opinion that with hyperextension of the neck 
and lateralflexion of the head toward the oppo- 
site side, the trauma causes the artery to 
stretch across the transverse process of the 
third cervical vertebra with the possibility of 
an intimal lesion. 

Both of these explanations seem reasonable 
in traumatic lesions of the internal carotid ar- 
tery in the neck but cannot apply to occlusions 
of the middle cerebral artery. In the latter 
cases, arteriospasm released by reflex from the 
carotid in the neck is a possibility and is prob- 
able if control arteriography within one week 
gives evidence of restored circulation in nor- 
mal vessels.!8 
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If the arterial occlusion persists, it might be 
due to an embolus from a mural thrombus in 
the carotid artery. Raney® found this mecha- 
nism likely in 5 cases of open wounds in the 
neck, and 1 case demonstrated emboli in the 
middle cerebral artery originating from a cere- 
bral thrombus in the internal carotid artery. In 
our first case, with an occlusion of the middle 
cerebral artery, a filling defect indicating a 
mural thrombus was also found in the internal 
carotid artery in the neck. 

Analysis of the traumatic lesions. Cases 1, 2, 
and 3 had only suffered slight trauma to the 
head but with possible overextension of the 
neck. Cases 4 and 5 had both suffered direct 
trauma to the neck and the internal carotid 
artery occlusion that followed might very well 
be due to a direct artery wall lesion. Case 
number 6 differs from the other cases in that 
this lesion was open. The bullet was lodged 
immediately below the external carotid fora- 
men, which makes a mechanical occlusion by 
external pressure likely, thus leading to a sec- 
ondary thrombosis. 

Interval from trauma to neurologic symp- 
toms. In only 1 patient (case number 4) did the 
neurologic symptoms follow immediately after 
the trauma. The remainder were free of symp- 
toms from two to twenty-four hours, as seen in 
traumatic cerebral artery occlusions in adults. 
This is significant for the differential diagnosis, 
since the majority of the patients were suspect- 
ed primarily of having intracranial hematomas 
as a complication to the trauma. The correct 
diagnosis was not revealed until arteriography 
was done. 

Course. All of the patients were unconscious 
or somnolent in the initial phase of the disease. 
The neurologic symptoms were generally se- 
vere. 

The remission of symptoms was generally 
poor and none of the patients obtained full 
remission of the paresis. The function of the 
legs, however, was satisfactory, while the pare- 
sis of the arms continued to be pronounced 
even after a rather long period of observation. 
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Epileptic seizures developed in 2 patients dur- 
ing the period of observation. Case number 6, 
however, had suffered from epilepsy in early 
childhood. Evidence of intellectual deteriora- 
tion was found in 4 patients. 

Renewed symptoms from the same hemi- 
sphere developed in 1 patient after nine months 
and after one and a half years. Following the 
latest stroke, arteriography revealed—in addi- 
tion to the previously diagnosed occlusion of 
the middle cerebral artery—an occlusion of the 
anterior cerebral artery. 

Electroencephalographic findings. These find- 
ings correspond to those seen in patients with 
cerebral infarctions due to thrombosis. In 1 
patient, focal abnormalities with spikes occurred 
in the electroencephalogram during the course 
of the illness. 

Prognosis. Judging from our experiences, the 
prognosis quoad vitam is favorable, since no 
patients died from the disease. Quoad restitu- 
tio in integrum, however, the prognosis is 
poor. This is surprising, as experience shows 
that younger persons often tolerate ligation of 
one internal carotid artery in the neck without 
neurologic symptoms. 

Treatment. The treatment was conservative 
in all cases; 2 patients received no special 
treatment for the neurologic complications. The 
remainder were treated with anticoagulant 
therapy and stellate blocks and case 6 received 
hypothermia in addition. It is questionable 
whether this treatment has had any effect or 
has been of importance for the course of the 
disease. Thus, we cannot indicate future treat- 
ment of similar cases. 


SUMMARY 


Cerebral artery occlusions subsequent to 
trauma involving the head or neck developed 
in 6 patients aged 20 months to 14 years. On 
arteriography, occlusion of the internal carot- 
id artery was found in 3 cases and occlusion of 
the middle cerebral artery in 3. Remission of 
symptoms was generally poor, and all pa- 
tients showed residual symptoms. 
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Manifestations of spontaneous 
subarachnoid hemorrhage in the 
orbit and bulbus oculi 


Report of previously undescribed hemorrhagic phenomena 


in the conjunctivae 


Albert F. Heck, M.D. 


OcuLaR MANIFESTATIONS have long been rec- 
ognized as among the most prominent findings 
in subarachnoid hemorrhage. The author has 
recently observed 2 cases with unusual and 
heretofore unreported findings associated with 
bleeding into the subarachnoid space. 

Case 1. W.E., a 48-vear-old colored male 
with hypertension of six months’ duration, was 
admitted June 17, 1960, after sudden onset of 
unconsciousness not associated with strenuous 
activity. Upon regaining consciousness, he ex- 
perienced nausea and generalized headache 
radiating into the nape of the neck but denied 
other neurologic symptomatology. Past history 
and review of systems were negative except for 
hypertension under treatment, occasional dys- 
uria, and 1 episode of hematuria thirty-five 
vears before admission. 

On admission, examination revealed a husky, 
middle-aged man who was lethargic but well 
hydrated and of good color. Blood pressure 
was 140/90, pulse 52, strong and regular, and 
respirations, 18 and regular. Temperature was 
99.4° F. (oral). Examination of the conjunc- 
tivae was unremarkable. His neck was mildly 
rigid, and Brudzinski’s sign was positive. The 
remainder of the general physical examination 
was unremarkable except for cardiac enlarge- 
ment by percussion 1 to 2 cm. lateral to the 
midclavicular line in the fifth left intercostal 
space. Neurologic examination revealed a 
mild right internal strabismus but no other 
abnormalities of the pupils or extraocular mus- 
cles. Funduscopic examination showed grade I 
(Keith-Wagener) hypertensive changes with 


the venules mildly tortuous and engorged; disk 
margins were well defined, and the disks 
showed no elevation. No hemorrhages or exu- 
dates were seen, and the visual fields were full 
by confrontation. Except for generalized in- 
crease in reflexes and a positive Chaddock on 
the right, the remainder of the neurologic ex- 
amination was within normal limits. 

Skull and chest roentgenograms were nor- 
mal. A lumbar puncture was performed with 
an opening pressure of 290 mm. H,O. Fluid 
obtained was grossly bloody and exhibited xan- 
thochromic supernatant upon immediate cen- 
trifugation. Microscopically, 1,430 red blood 
cells, 37 polvymorphonuclears, and 48 round 
cells were present. Peripheral white cell count 
was 13,600 with a shift to the left. Urinalvsis 
showed +3 albuminuria and specific gravity 
of 1.035. Electrolytes were normal. 

The patient was placed on bed rest with 
anodynes, and careful observation of vital 
signs and level of consciousness was instituted, 
awaiting stabilization of his blood pressure and 
arteriography. He did well until the night of 
his third hospital day, when his blood pressure 
rose from the average 180/90 to 204/116 
without appreciable change in pulse or tem- 
perature. His headache returned, and he was 
again nauseated. At this time, his conjunctivae 
exhibited pinhead-sized subconjunctival ecchy- 
moses, more prominent about the limbus and in 
the temporal aspects of the conjunctivae, espe- 
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Fig. 1. (Case 1) Ilustrating subconjunctival 
hemorrhages diffusing outward from corneo- 
scleral junction and most prominent in tem- 


poral aspects 


cially on the right, but present in the nasal 
portions as well (Fig. 1). Funduscopic exam- 
ination showed mild blurring of the disk mar- 
gins but no further changes in the retinae. The 
clinical impression was recurrent hemorrhage. 
The patient underwent bilateral carotid ar- 
teriography, which revealed a sessile aneurysm 
of the right internal carotid artery at its point 
of junction with the posterior communicating 
artery (Fig. 2). Hematologic studies showed 
no abnormality of platelets, prothrombin time, 
clotting time, bleeding time, or capillary fra- 
gilitv. Right craniotomy was performed, and 
a small subdural hematoma was found in the 


Fig. 2. (Case 1) Right carotid arteriogram 
illustrating aneurysm on internal carotid ar- 
tery at its junction with posterior communi- 
cating artery 
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frontal area. The aneurysm ruptured at the 
time of operation, so that it was necessary to 
trap it with clips below and above on the in- 
ternal carotid and on the posterior communi- 
cating artery. After surgery, a right third nerve 
palsy and left hemiplegia were in evidence. 
Because of progressive deterioration of the 
state of consciousness, on the day after opera- 
tion a decompression and evacuation of a 
small epidural and subdural hematoma was 
performed. The patient continued his down- 
hill course and died on the fifth postoperative 
day. 

Autopsy revealed the surgical wound, car- 
diac hypertrophy (447 gm.), mild congestion 
of the viscera, and moderate bronchopneumo- 
nia; moderate recent subendocardial hemor- 
rhage was present in the left ventricle. The 
brain was edematous, and the aneurysm was 
found at the point described. There was re- 
cent extensive infarction of the right cerebral 
hemisphere; examination of the dural sinuses 
was unremarkable. No evidence of intraven- 
tricular hemorrhage was found. 

Comment. Subdural hematomas in associa- 
tion with subarachnoid hemorrhage, such as 
was found in this patient, have been described 
by a number of authors.!:* 

Case 2. C.N., a 40-vear-old colored male, 
was admitted January 9, 1960, complaining of 
lethargy and headache, frontal and bilateral in 
location, of two weeks duration and increasing 
in severity during the three days before ad- 
mission. On that day, he became nauseated 
and vomited once; there was no loss of con- 
sciousness or any neurologic symptomatology, 
other than “some clumsiness” of his hands. He 
was moderately anorexic. Excepting an allergy 
to horse serum, the remainder of the history 
was unremarkable. 

Initial examination revealed a_ well-devel- 
oped, middle-aged colored man who appeared 
uncomfortable, lethargic, and slow of move- 
ment. Blood pressure was 140/90, pulse 78 
and regular, and respirations, 20 and regular. 
Temperature was 98.4°F. (oral). General 
physical examination was entirely unremark- 
able except for a small corneal opacity of the 
left eye and a supernumerary digit on the right 
index finger. The neck was supple. Neurologic 
examination showed sluggish reaction of the 
pupils. The fundi were normal. Hoffmann’s 
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sign was positive on the left, and finger pursuit 
was less well performed with the left hand, 
showing a tendency to past point to the right. 
The remainder of the examination was within 
normal limits. 

Skull and chest roentgenograms were nor- 
mal. The initial lumbar puncture showed an 
opening pressure of 180 mm. H,0O, slightly 
xanthochromic fluid, protein of 59 mg. per 
cent, 3 neutrophils, and 258 red blood cells. 
A repeat puncture showed an opening pressure 
of 204 mm. H,O and a closing pressure of 198 
mm. H,O with xanthochromic fluid. On the 
evening of the day after admission, he noted 
“jumping” of his left lower extremity followed 
by transient numbness but did not mention 
this until the morning of the third hospital 
day when it occurred again. Neurologic exam- 
ination at that time revealed decreased sen- 
sation of the left lower extremity; there was 
neck pain on motion of the head but no ob- 
jective rigidity. Lumbar puncture was repeat- 
ed with an opening pressure of 218 mm. H,O, 
xanthochromic fluid, and 200 fresh red blood 
cells. Protein at this time was 83 mg. per cent. 
A right carotid arteriogram was performed 
under general anesthesia with no abnormality 
seen. On the following day, he again experi- 
enced focal seizure of his left lower extremity 
with hypesthesia, and, on the next day, he 
vomited once. On the sixth hospital dav, the 
patient underwent bilateral carotid arteriogra- 
phy which showed nonfilling of the right an- 
terior cerebral artery distal to its first portion. 

That afternoon, the patient experienced pe- 
riods of apnea lasting about fifteen seconds 
but not accompanied by crescendo—decrescen- 
do phenomenon; this subsided spontaneously 
and respirations again became regular, but, 
because of his delayed recovery from the ef- 
fects of anesthesia, lumbar puncture was again 
performed, revealing an opening pressure of 
390 mm. H.O and 745 fresh red blood cells. 
Bleeding time, clotting time, and _ platelets 
were normal. Prothrombin time was 50%. That 
night, the blood pressure rose to 200/110 and 
remained at that general level with the pulse 
fluctuating between 100 and 120. Fundu- 
scopic examination was unchanged except that 
venous pulsations could no longer be observed. 
Petechial hemorrhages were noted in the con- 
junctivae. The remainder of the neurologic ex- 
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amination was unchanged except for the ab- 
sence of reflexes in the lower extremities. Pe- 
riodic apnea returned, and the level of sen- 
sorium deterioratd from stupor to coma until 
respirations ceased. Permission for autopsy 
was not granted. 

Comment. Petechiae in the conjunctivae 
have been described as a complication of ca- 
rotid arteriography on a thromboembolic basis; 
these are usually transitory and accompanied 
by petechiae elsewhere in the skin of the ipsi- 
lateral face.* In this patient, petechiae were 
persistent and did not appear until eight hours 
after arteriography had been performed. It 
is felt that this time lapse is sufficient reason 
to exclude arteriography as the cause. 


REVIEW AND DISCUSSION 


Subconjunctival ecchymoses occur extreme- 
ly commonly, usually as a local extravasion of 
blood and much less frequently as frank hem- 
orrhage.* They are encountered most frequent- 
ly in the exposed portion of the bulbar con- 
junctivae and only rarely in the palpebral 
portion, even then small in size, due to the 
close attachment of subconjunctival tissue to 
the mucous membrane. Although most com- 
monly caused by local trauma to the conjunc- 
tiva, they are also seen in arteriosclerosis and 
in vascular disease associated with diabetes 
and nephritis. Hematologic causes include he- 
mophilia, the purpuras, scurvy, and Barlow’s 
disease. They have been reported as findings 
in numerous systemic infections in association 
with severe hyperemia, including septicemia, 
typhus, cholera, malaria, sandfly fever, and 
yellow fever, as well as in acute local inflam- 
matory conditions of pneumococcal origin, often 
in Koch-Week’s conjunctivitis, and in the con- 
junctivitis of leptospirosis, where these lesions 
may be profuse. Subconjunctival ecchymoses 
have been reported as occurring with quinine 
poisoning, after nitrous oxide anesthesia, spon- 
taneously during menstruation, and after ca- 
rotid arteriography.’ Extravasation of blood 
along the orbital floor after basilar skull frac- 
ture is a well-known cause. Duke-Elder,* in his 
Textbook of Ophthalmology, lists under “con- 
gestion of the head” a variety of causes includ- 
ing violent muscular strain, severe retching, sei- 
zures, compression of the jugular veins, fits of 
coughing, and violent compression of the thor- 
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ax or abdomen; from this, it can be concluded 
that subconjunctival extravasation may follow 
any event which causes increase in venous 
pressure in the involved vascular tree. 

The blood supply of the bulbar conjunc- 
tivat* is derived from the anterior conjunctival 
arteries, branches of the anterior ciliary artery, 
together with the posterior conjunctival arter- 
ies, branching from the retrotarsal arcade of 
the eyelid, anastomosing to form an extensive 
plexus near the sclerocorneal junction. Blood 
is supplied to the conjunctiva by two layers of 
vessels, each located in a tissue layer of the 
subepithelium or substantia propria which un- 
derlies the avascular epithelium of the bulbar 
conjunctiva. The more superficial adenoid lay- 
er of loose connective tissue contains a super- 
ficial vascular network formed by anastomosing 
branches of medium-sized and smaller vessels 
derived from the larger superficial vessels 
which anastomose in turn with the deeper net- 
work, The deeper fibrous tissue layer, which is 
absent in the palpebral conjunctiva, is in in- 
timate contact with the episcleral tissue, though 
separated from it by a potential space. This 
deeper layer contains elastic tissue, nerves, 
lymphatic glands, and the deep vascular net- 
work (Fig. 3). 

This vascular bed can be further divided 
into 3 zones:7 the first in the immediate area 
of the fornix, the second in the immediate area 
of the limbus, and the third in the intermedi- 
ate area between. In the first 2 zones men- 
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Fig. 3. Blood supply to con- 
junctiva. Demonstrating anasto- 
moses between posterior con- 
junctival branches and anterior 
ciliary artery. (After Duke-El- 
) 


tioned, both afferent and efferent vessels are 
present, while, in the intermediate zone, direc- 
tion of blood flow depends on alterations of 
pressures within the other 2 zones. In the area 
of the limbus, a series of vascular arcades is 
present, the final branches of which overlie the 
superficial limbal spur; these turn back abrupt- 
ly to form venules draining into the venous 
plexuses. Venous drainage in general is to the 
palpebral vessels and thence to anastomoses 
with the veins of the forehead, the angular 
vein, the facial and superficial temporal veins, 
and, via branches traversing the orbicularis 
muscle, the ophthalmic vein, except near the 
corneoscleral junction where venous drainage 
follows the recti muscles to the opthalmic 
vein®-* (Figs. 4 and 5). 

Ocular findings referable to the third, fourth, 
and sixth cranial nerves and their supranuclear 
connections constitute a gamut of manifesta- 
tions in subarachnoid hemorrhage. Likewise, 
involvement of the visual apparatus behind the 
optic tracts presents a variety of clinical con- 
ditions. Both are beyond the scope of this 
review, which will be limited to those mani- 
festations occurring in the buibus oculi and the 
orbit. 

Papilledema associated with subarachnoid 
hemorrhage occurs, according to most authors, 
in a minority of cases. Manschot*:® found it 
present in one-sixth (17%) of 225 cases, noting 
that it was usually of a moderate degree and, 
when pronounced, usually was accompanied 
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CORNEO-SCLERAL JUNCTION 


Fig. 4. Diagram- 
matic cross section 
of eye at corneo- 
scleral junction 
(limbus) illustrat- 
ing abrupt change 
in direction of 
conjunctival ves- 
sels at corneoscle- 
ral junction. (After 
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by hemorrhages. Davies! reports his review of 
100 cases of subarachnoid hemorrhage, noting 
the occurrence of retinal hemorrhages in 19%, 
of papilledema in 9%, and of both lesions in 5%. 
Griffith, Jeffers, and Fry"! presented 11 cases 
with neither papilledema nor hemorrhages. 
They reviewed 118 cases from the literature 
with “satisfactory” eye examinations and found 
papilledema in 20% with equivocal findings in 
another 14%. Their conclusion was that papille- 
dema is rare in “uncomplicated” subarachnoid 
hemorrhage, and they listed as complications 
[1] hemorrhage largely into the ventricles with 
little blood reaching the subarachnoid space, 
[2] malignant hypertension, [3] glioma, and 
[4] sinus thrombosis. Walsh? is in agreement 
with this low incidence and concurs with Paton 
that, when papilledema does occur, it charac- 
teristically occurs late, although he notes Uht- 
hoff's report of its presence one-half hour after 
a subarachnoid hemorrhage. Hamby! found 
papilledema in 14% of his series but never be- 
fore the seventh day of illness, although he 
states that the disk may show edema and hem- 
orrhages within a few hours after onset. Tu- 
reen,!® in 21 of 23 cases of brain hemorrhage 
with blood in the subarachnoid space, found 
“well-defined retinal and papillary alterations” 
within forty-eight hours and stated that early 
changes were the rule. Of his patients, 4 had 
retinal hemorrhages and papilledema within 
four hours; 1 patient had papilledema six days 
after onset. Tureen found no direct correlation 
between papillary swelling and severity of the 
retinal hemorrhages nor any correlation of find- 
ings in either of the 2 eyes. Venous congestion 
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was an early and constant finding. Retinal 
hemorrhages were not found to be characteris- 
tically associated with retinal arteriosclerosis. 
He noted that, in his series, papilledema was 


Fig. 5. Biomicrograph of corneoscleral junc- 
tion. I. In optic section: [a] limbal spur; 
[b] pallisade. II. By retroillumination: [c] 
pallisade; [d] terminal arcades and zone of 
physiologic edema. (By permission from 
Berliner? ) 
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most often associated with intraventricular 
hemorrhage, whereas subarachnoid bleeding 
favored development of retinal hemorrhages. 
Neither patient in the present report had reti- 
nal hemorrhage. The first patient exhibited 
blurred disk margins on the fourth day of his 
illness; in the second, no venous pulses could 
be elicited six days after his apparent onset. 
In both cases, however, these findings were not 
evident until after a second bleeding had oc- 
curred, and so the temporal relationship and 
the role of the second intracranial hemorrhage 
in their genesis remain a matter of conjecture. 

Loss of vision, complete and incomplete, 
from involvement anterior to the optic tracts, 
is infrequent. According to Walsh,'* when pres- 
ent, it is usually of sudden onset and accom- 
panied by photophobia. Quoting Favory as 
stating that retinal ischemia is not the under- 
lying mechanism for loss of vision in these 
cases, he suggests several possibilities, includ- 
ing interference with blood supply to the optic 
nerve or chiasm and intraocular hemorrhage 
lowering visual acuity. He presents a case of 
the latter with development of intraocular fi- 
brogliosis. Numerous authors't-'* have noted 
the occurrence in autopsy material of small 
venous hemorrhages in the optic nerves, chi- 
asm, and tracts of patients with subarachnoid 
hemorrhage; it seems not unlikely that such 
lesions must cause some defect in vision, de- 
pending on their extent. Hollenhorst and asso- 
ciates,'*7 in 10 children with subarachnoid 
bleeding, found residual blindness with optic 
atrophy in 1 and residual defective vision in a 
second; however, there was a traumatic history 
in both cases. Rodger'® has reported 13 cases 
of primary-type optic atrophy following head 
trauma, presumably due to distortion of the 
optic foramen and associated hemorrhage from 
the nutrient vessels. 

Exophthalmos occurs only occasionally. Bis- 
land and Topilow'® reported one case with bi- 
lateral papilledema and unilateral exophthal- 
mos with subhyaloid hemorrhage after rupture 
of an aneurysm in the third ventricle during 
toxemia of pregnancy. Interestingly, they men- 
tion in passing the presence of chemosis and 
subconjunctival hemorrhages in the involved 
eye. At autopsy, these findings were confirmed 
and a large hemorrhage into the ipsilateral or- 
bit was described. Bilateral exophthalmos with 
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resolution was reported by Walsh’ in his case 
with intraocular fibrogliosis. He mentions the 
autopsy findings in the case of an infant with 
bilateral exophthalmos where extensive suba- 
rachnoid hemorrhage was found but where in 
addition dural and cavernous sinus thrombosis 
was present. This scant evidence suggests that, 
when it appears with subarachnoid bleeding, 
exophthalmos is associated with some of the 
complications stressed by Griffith and associ- 
ates," that is, ventricular hemorrhage, malig- 
nant hypertension, and sinus thrombosis, and 
most probably is the result of orbital venous 
congestion with hemorrhage and edema in the 
orbital soft tissues. 

First report of the occurrence of intraocular 
hemorrhage with subarachnoid hemorrhage is 
attributed to Litten in 1881.15 In a review of 
100 cases, Davies'® found retinal hemorrhage 
present in 19%, this percentage closely approx- 
imating the incidence of 20% reported earlier by 
Manschot® in 225 cases. Hollenhorst and asso- 
ciates'? found retinal hemorrhages in 7 of their 
10 cases in children (most of these of traumat- 
ic origin), while Hamby! reported an inci- 
dence of about 10%, usually associated with 
papilledema, in his series. Manschot*-® regards 
them as prognostically unfavorable, citing a 
mortality rate of 50% in these patients, as op- 
posed to a rate of 25% in those without intra- 
ocular hemorrhages. Richardson and Hyland?° 
also commented on the greater incidence of 
papilledema and hemorrhage among their fatal 
cases. Timberlake and Kubik,?! in their follow- 
up report, noted good resolution of retinal 
hemorrhages among their 280 patients with 
subarachnoid hemorrhage secondary to rup- 
tured aneurysm. The development of fibroglio- 
sis following retinal hemorrhage has already 
been mentioned. 

Retinal hemorrhages may be seen soon after 
the subarachnoid bleeding;*:'* they may be 
small and near the disk, punctate rarely, or 
subhyaloid, in such instances often extensive, 
and, though usually near the disk, at times 
some distance from it.'* Such subhyaloid hem- 
orrhages are contained by the internal limiting 
membrane of the retina.*:!*:?? Rupture of this 
artificial sac results in hemorrhage into the 
vitreous.!°-19 Walsh!2 records one such case 
where change in the color of the iris from blue 
to brown and back to blue indicated hemor- 
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SUMMARY OF LITERATURE RELATIVE TO MANIFESTATIONS IN THE 
EYE AND ORBIT IN SUBARACHNOID HEMORRHAGE 


Hemmorhage in 
Authors and Number of Loss of orbital soft 
references cases Papilledema vision Exophthalmos Retinal hemorrhage _ tissue 
Ballantyne™ 5 Present in 5 
autopsied cases; 
widespread 
Bisland and 1 Present (unconscious) Unilateral; ac- Present bilaterally Present around 
Topilow” bilaterally companied by involved eye 
intraventricular 
hemorrhage and 
hypertension 
(eclampsia ) 
Cordes® 2 Found in presence 
of cerebral edema 
Dandy** 108 Present in 10%, Present in less 
(aneurysms) “‘only occasional- than 5% 
ly with concomi- 
tant hemorrhage” 
Davies” 100 Present in 9%; Present in 19%; 
accompanied by accompanied by 
hemorrhage in 5% papilledema in 5% 
Drews and 1 “Commonest find- Present bilaterally; found 
Minckler®® ing;” usually slight in presence of intra- 
in amount; almost ventricular hemorrhage 
always bilateral and edema 
Hamby? 130 Present in 14%; Present in 20%; Present in 2 
(aneurysms) characteristic- prognostically un- autopsied cases 
ally occurs late favorable, with 
in course mortality of 50% 
Miller and 1 Compression of central 
Cuttino™ retinal vein and cho- 
roidal anastomoses neces- 
sary for pathogenesis 
Richardson 118 Present in 12%; 


and Hyland”? 


( aneurysms ) 


accompanied by 
hemorrhages 
in 6% 


Present in 11%; accom- 
panied by papilledema 
in 6%; only 2 of 118 
had subhyaloid variety 


Riddoch and 
Goulden*' 


No continuity of intra- 

and extraocular hemor- 
rhage; pathogenesis in com- 
pression of central ret- 

inal vein 


Timberlake 
and Kubik"! 


280 
(aneurysms ) 


Not stated 


Good resolution in 
survivors (percent- 
age not stated ) 


Tureen™ 23 Alterations in 21 of 23 No correlation of occur- 
(including within 48 hours; most rence with severity of 
intra- often associated with papilledema nor with 
cerebral ) intraventricular arteriosclerotic changes 
hemorrhage 
Walsh®.* General Characteristic- Usually of Bilateral in 2 cases; 
discussion _ ally occurs late sudden onset accompanied by dural 
in course and accom- and cavernous sinus 
panied by thrombosis in 1 
photophobi psied case 
Walsh and 6 Present in 5 of 6 
Hedges" autopsied cases; 
Part I seen principally at 
apex of orbit but 
scattered else- 
where, as well 
Walsh and 90 Frequency depends on 
Hedges" severity of bleeding 
Part IT and presence or ab- 
sence of cerebral edema 
Walsh and 32 Present in 19% “Relatively un- Present in 25%; sub- 
King” (aneurysms) _ bilaterally common;” pres- 


ent in 2 of 3 
cases of intra- 
cavernous 
aneurysm 


hyaloid in only 3 
of 32 cases 
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rhage into that structure. That these lesions 
are of venous origin seems universally accept- 
ed. For a time, it was thought that they result- 
ed from leakage of blood via lymph spaces 
through the lamina cribrosa, this view being 
held up until the present time by some.** Rid- 
doch and Goulden** in 1925 and later Mac- 
Donald?* concluded that there was no con- 
tinuity of intra- and extraocular hemorrhages 
and that the retinal lesions resulted from com- 
pression of the central retinal vein where it 
crosses the intervaginal space, obstructing ve- 
nous return from the eye. Miller and Cuttino' 
concur in this but suggest that concomitant 
compression of the choroidal anastomoses of 
the central retinal vein occurs through pressure 
exerted anteriorly in the intervaginal space to 
make intraocular venous stasis complete. 

The exact mechanism effecting this compres- 
sion is still in dispute. Ballantyne,'* comment- 
ing on the wide variety of clinical eye findings, 
in his cases found distention of the orbital 
veins, hemorrhage into the orbital contents 
and on the posterior surface of the sclera. He 
stated that these multiple hemorrhages result- 
ed from increased venous pressure and stasis, 
occurring simultan®ously and independently. 
He concluded that while blood can extend 
from the intracranial subarachnoid space to the 
orbital subarachnoid space, it rarely does so. 
Walsh and Hedges,'® investigating optic nerve 
sheath hemorrhages by serially sectioning the 
entire optic nerve and posterior optic segment, 
concluded from their findings that “local rup- 
ture of veins accounts for the hemorrhage in 
the cranial nerves, in the orbital dura at the 
entrance or exit of vessels and throughout the 
orbital tissues,” that increased pressure is pres- 
ent in the orbital veins, that optic sheath hem- 
orrhage may occur without intracranial hemor- 
rhage, and that hemorrhages occur where sup- 
porting tissues are altered. Investigation of 
pathologic material by these same authors in 
180 cases of optic nerve sheath hemorrhage, 
90 of which had subarachnoid hemorrhage, 
revealed that 75% of the subhyaloid hemor- 
rhages found occurred in those with subarach- 
noid hemorrhage. From this material, they con- 
cluded that frequency of retinal hemorrhages 
varies directly with the severity of the intra- 
cranial bleeding and the presence or absence 
of cerebral edema and that the degree and 
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extent of retinal hemorrhage depends on the 
rapidity of onset and the degree of elevation of 
venous pressure in the brain and orbit. Their 
work has been repeated and confirmed by sev- 
eral authors.?>.76 

Manschot*-*.?7 takes exception to this, main- 
taining that the venous anastomoses involved 
and mentioned previously are adequate to pre- 
vent stasis in all the venous channels at once 
and that blood in the cerebrospinal fluid is 
forced into the orbital subarachnoid space, 
compressing the central retinal vein and its 
choroidal anastomoses to cause venous stasis. 
This situation, he feels, is aggravated by an 
increase in blood flow through the central reti- 
nal artery and, more generally, throughout the 
entire supply area of the ophthalmic artery, 
this network not being subject to increased in- 
tracranial pressure and thus acting as a shunt. 

As to the reason for difference in distribu- 
tion of these multiple hemorrhages, Ballantyne 
has suggested the existence of “loci minoris 
resistentiae”—points of least resistance—in the 
walls of the veins; these loci are prone to occur 
at the junctions and bifurcations of vessels, at 
points where vessels undergo sudden change 
in direction or where alterations in support of 
surrounding tissues occur (see table). 

In the cases reported, subconjunctival ec- 
chymoses were first noted in the area of the 
sclerocorneal junction. It is suggested that the 
veins in this area, because of the abrupt change 
in their direction over the superficial limbal 
spur and their drainage directly to orbital 
veins, represent “points of least resistance” as 
postulated by Ballantyne and were the source 
of bleeding. These ecchymoses appear to be 
another manifestation of increased venous pres- 
sure in the orbital veins secondary to sudden 
increase in intracranial pressure with subarach- 
noid hemorrhage. 


SUMMARY 


1. Two cases of subarachnoid hemorrhage 
with associated subconjunctival ecchymoses are 
presented. 

2. Causes of these lesions and pertinent 
anatomy of the conjunctival circulation are 
discussed. 

3. Ocular manifestations associated with sub- 
arachnoid hemorrhage are reviewed from the 
literature. 
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4. It is suggested that subconjunctival ec- 


chymoses associated with subarachnoid hem- 
orrhage occur on a venous basis, secondary to 
venous stasis and increased venous pressure, 
these resulting from acute elevation of intra- 
cranial pressure with subarachnoid hemor- 


rhage. 


The 
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Myasthenia gravis followed by systemic 
lupus erythematosus 


A case report 


Duane Denney, M.D., and Raymond L. Rose, M.D. 


THE PROTEAN MANIFESTATIONS of systemic 
lupus erythematosus are well known, and pri- 
mary or initial involvement of the nervous 
system has been described frequently.'~> The 
report of a recent symposium on disseminated 
lupus® lists myasthenia gravis as an early 
manifestation of this disorder. However, a 
review of the literature suggests that this is 
a very rare occurrence and raises the possibil- 
ity of coincidental association. 

A case in which symptoms of extraocular 
myasthenia gravis were followed within a 
few months by evidence of systemic lupus is 


described below. 
CASE REPORT 


An 18-year-old Negro girl was admitted to 
Barnes Hospital April 23, 1959, complaining 
of diplopia and ptosis of two weeks’ duration. 
Her symptoms were worse in the late after- 
noon and evening, and she was unable to 
read more than a few minutes at a time due to 
increasing double vision and headache. She 
had no symptoms referable to other cranial 
nerves and no generalized muscle fatigability. 
She had been in excellent health before onset 
of her present difficulty, and her family and 
past history were entirely free of serious 
medical disorders. 

On physical examination, she was well de- 
veloped and did not appear acutely or chroni- 
cally ill. The blood pressure was 120/76, 
pulse 80, and respiratory rate 20. She had no 
skin lesions, and the skin and hair texture 
were normal. No exophthalmos was found, 
and the thyroid gland was symmetric and of 
normal size. A soft apical systolic murmur was 
heard, but no other cardiac or respiratory 
abnormalities were noted. The liver, spleen, 
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and kidneys were not palpable. Neurologic 
examination revealed bilateral ptosis, marked 
weakness of upward gaze, and paresis of 
both lateral recti. The left frontalis muscle 
was partially paralyzed; an old scar lateral to 
the left eyebrow suggested that this was due 
to injury to a branch of the seventh nerve. The 
remainder of the cranial nerves functioned 
normally. The coordination, tendon reflexes, 
muscle strength, gait, and sensory examination 
were within normal limits. She was reserved 
but fully oriented and cooperative, and no 
abnormalities of perception, speech, or men- 
tation were apparent. 

Laboratory data included a hemoglobin of 
10 gm., hematocrit of 31%, and white blood 
count of 4,625 with a normal differential. 
Urinalysis, nonprotein nitrogen, basal meta- 
bolic rate, protein-bound iodine, and serum 
cholesterol were within normal limits. The 
serum cardiolipin was negative. A_ spinal 
puncture was normal except for protein of 52 
mg. per 100 cc. An electroencephalogram was 
borderline normal and nonfocal, and chest and 
skull films were interpreted as normal. 

Oral quinine, 1.2 gm. in 4 doses, resulted 
in total external ophthalmoplegia with di- 
plopia in all fields of gaze. Intravenous 
Tensilon in 10-mg. doses abolished the di- 
plopia except in extreme lateral gaze, but the 
diminished upward gaze and ptosis were only 
partially improved. An electromyogram of the 
left lateral rectus and right inferior oblique 
showed a few normal motor units. After 5 mg. 
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of intravenous Tensilon, there was marked 
recruitment of units accompanying the clinical 
improvement. 

The patient was discharged taking Mesti- 
non, 30 mg. four times a day. Marked dimi- 
nution in the diplopia and some decrease of 
the ptosis had occurred. Her anemia was 
thought to be on a nutritional basis and was 
not investigated further. 

She remained in good health for several 
months and spontaneously discontinued her 
Mestinon therapy when the ptosis disappear- 
ed. She suffered several transient recurrences 
of diplopia lasting four or five days at a time 
but was able to rapidly relieve her difficulty 
with reinstitution of anticholinesterase therapy. 
At no time did she have symptoms suggesting 
weakness of the bulbospinal musculature. 

She was admitted to the St. Louis City Hos- 
pital on March 7, 1960, with a three-week 
history of malaise, arthralgia, myalgia, inter- 
mittent chills and fever, sore throat, and 
spontaneous bleeding from the gums. 

She was obtunded and appeared acutely ill, 
with a blood pressure of 134/80, pulse 120, 
respiratory rate 32, and an oral temperature 
of 40° C. Her skin was hot and dry, and she 
had a malar flush. Other physical findings in- 
cluded pharyngitis, generalized lymphadenop- 
athy, rales and bronchovesicular breathing at 
the right lung base, and a soft apical systolic 
murmur. The tip of spleen was palpable 3 cm. 
below the left costal margin. No abnormalities 
of the cranial nerves, tendon reflexes, or sen- 
sory examination were found. 

The hematocrit was 28%; hemoglobin, 9.8 
gm. per 100 cc.; red blood count, 3,670,000; 
and white blood count, 5,330 with a normal 
differential. A voided urine specimen was al- 
kaline, with a specific gravity of 1.016, 3+ 
protein, occasional granular casts, and a full 
field of white and red blood cells. A catheter- 
ized specimen the following day contained 
gross blood. The platelet count was 147,500, 
and the reticulocyte count was 0%. Phenol- 
sulphonphthalein excretion after adequate hy- 
dration was 15% in fifteen minutes, 30% in 
thirty minutes, 45% in sixty minutes, and 67% 
in two hours. The blood urea nitrogen was 
25 mg. per 100 cc. Total serum proteins in- 
itially were 6.4 gm. per 100 cc., with 2.7 gm. 
of albumin and 3.7 gm. of globulin. Serum 
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electrophoresis four weeks later revealed a 
total protein of 8.15 gm. per 100 cc., with 
33.2% albumin, 3.9% alpha-1 globulin, 11.6% 
alpha-2 globulin, 12.8% beta globulin, and 
38.5% gamma globulin. Cephalin-cholesterol 
flocculation was 4+; thymol turbity, 7.4 units 
in thirty minutes and 1 unit in eighteen hours; 
serum cholesterol, 275 mg. per 100 cc.; alkali 
reserve, 19.5 mEq. per liter; sodium, 130 
mEq. per liter; chlorides, 108 mEq. per liter; 
and potassium, 4.4 mEq. per liter. On March 
9, 3 lupus erythematosis preparations were 
positive, as were 1 each on March 11, 17, and 
24 and April 22. The latex absorption test was 
positive, and C-reactive protein was 2+. 
Bleeding time, coagulation time, prothrombin 
time, fasting blood sugar, serum bilirubin, 
alkaline phosphatase, serum glutamic oxalace- 
tic transaminase, protein-bound iodine, and 
antistreptolysin O titer were within normal 
limits. A stool guaiac test, serologic test for 
syphilis (VDRL), and direct Coomb’s test 
were negative. An electroencephalogram show- 
ed a diffuse slow dysrhythmia with a right 
temporal focal trend. Chest roentgenograms 
on March 7 and 25 were negative. 

Two days after admission, the patient be- 
gan to complain of diplopia and ptosis and 
extraocular palsies were noted. Mestinon ther- 
apy was reinstated with some improvement. 

On March 8, she became acutely disturbed 
and attempted to jump from a second-story 
window. Mental status examination was con- 
sistent with an acute brain syndrome. Predni- 
sone, 15 mg. every six hours, was begun with 
dramatic resolution of joint and muscle pain. 
The temperature returned to normal, the chest 
findings and malar flush disappeared, and the 
confusion and disorientation cleared. The hem- 
aturia and ptosis persisted, and she continued 
to complain of diplopia on lateral gaze. 

On March 14, Mestinon was discontinued 
and there was prompt exacerbation of ptosis 
and increase in extraocular palsies. A quinine 
placebo and an intravenous Tensilon placebo 
did not affect her ocular muscle function. 
Intravenous Tensilon consistently resulted in 
improved muscle function, although individ- 
ual extraocular muscles varied in their re- 
sponse, as illustrated in the figure. | 

Because of persistent laboratory evidence of 
glomerulitis and a slowly rising blood urea 


NEUROLOGY 


Effect of intravenous injection of 10 mg. of Tensilon. [A] Before injection. Patient was asked 
to converge on an object above level of eyes. Note ptosis, paresis of upward gaze, and bilateral 
medial rectus palsy. More prominent ptosis on left is due to impaired contraction of left frontalis 
secondary to old injury. [B] Thirty seconds after injection. Note decreased ptosis and improved 
left medial rectus function but persistent upward gaze weakness and right medial rectus palsy. 


nitrogen, prednisone dosage was raised to 80 
mg. a day and finally to 100 mg. a day. The 
myasthenia was unchanged during this time. 

On April 6, a curare sensitivity test was per- 
formed with the assistance of the Anaesthesi- 
ology Department. At two-minute intervals, 
3.9 ng. of d-tubocurarine per kilogram was 
administered intravenously. The near-point of 
convergence increased to twice its preinjection 
value? after injection of 7.8 pg. per kilogram 
and, after 11.7 yg. per kilogram, convergence 
became impossible. The test was terminated 
before total ophthalmoplegia was produced. 
No clinical evidence of skeletal or respiratory 
muscle weakness was detected. 

Mestinon was reinstituted, and once again 
there was improvement in the diplopia but 
persistence of some ptosis. 

Hematuria and proteinuria continued de- 
spite the increased steroid dosage. Because 
of some “Cushingoid” features and persistent 
failure to obtain the patient's cooperation in 
regard to diet, the prednisone was slowly 
diminished. A urinalysis on May 3 revealed 
4 white blood cells and 15 red blood cells 
per high-power field and occasional hyaline 
and granular casts. A quantitative urine pro- 
tein was 1.58 gm. in twenty-four hours, and 
blood urea nitrogen was 35 mg. per 100 cc. 


The patient was discharged against advice 
on May 4, 1960. 


DISCUSSION 


The diagnosis of myasthenia gravis con- 
fined to the ocular muscles seems justified in 
this case. The evidence of recruitment of 
motor units in the inferior oblique and lateral 
rectus after injection of Tensilon is considered 
evidence of myasthenia gravis* for it does not 
occur in normal individuals. The curare 
threshold, as defined by Pelikan, Tether, and 
Unna,’ was 7.8 ,»g. per kilogram and falls 
within 1 standard error of the mean of a 
group of 30 myasthenic patients studied in 
this way. However, 3 to 4% of normal subjects 
have curare thresholds in this range.* Injection 
of Tensilon consistently produced effects sim- 
ilar to those shown in the figure, although im- 
provement of the ptosis was not so striking. 

The diagnosis of systemic lupus erythema- 
tosus seems also to be well established. AlI- 
though no lupus erythematosus cell prepara- 
tions were studied at the initial hospital ad- 
mission, it is noteworthy that the hemoglobin, 
hematocrit, and white blood count were all 
diminished. It is possible that the patient had 
lupus in May 1959. 

Harvey and associates® have described a 
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patient who complained of ptosis and diplopia 
partially relieved by Prostigmin. Her ocular 
symptoms subsequently disappeared without 
therapy, and, two years later, well-documented 
systemic lupus erythematosus developed. The 
authors question whether the diagnosis of my- 
asthenia gravis should have been entertained 
in this case. Rowland’ reported a somewhat 
similar case in a 43-year-old woman who had 
intermittent weakness of both skeletal and 
cranial nerve innervated muscles for over eigh- 
teen years. Although several injections of Pro- 
stigmin failed to relieve her symptoms and 
quinine did not augment the weakness, the 
typical pharmacologic response of myasthenia 
eventually developed. At age 41, she had poly- 
arthritis, skin lesions, and positive lupus ery- 
thematosus preparations, yet the rest of her 
laboratory studies were unremarkable. 

Myasthenia-like reactions have been re- 
ported with malignant, nonthymic tumors of 
the thorax'' hyperthyroidism,'? after 
trauma,'* and in amyotrophic lateral scle- 
rosis.'* All of these associations raise the ques- 
tion of chance coincidence. 

The prevalence of systemic lupus erythema- 
tosus in the general population is unknown, 
but it is no longer considered a rare disease. 
The incidence in a very large general hospital 
is reported to be about one-half as great as 
that of acute rheumatic fever, using the lupus 
erythematosus test as criterion for the diag- 
nosis of lupus.'* Myasthenia is relatively rare, 
having a prevalence of around 3 per 100,000.16 
Still, it is possible that only chance links the 
syndromes in this patient, even though mani- 
festations of both were often contemporaneous. 

The course of the renal disease has sug- 
gested a fixed anatomic lesion of the glomer- 
uli, while the fluctuating ocular palsies have 
implied a reversible process. However, this 
cannot be adduced as evidence of the inde- 
pendence of these syndromes since much is 
unknown about the underlying biochemical 
abnormalities in either one. 

Steroid therapy has been used by some in 
the treatment of myasthenia gravis with equiv- 
ocal results.1715 In this case, steroids were 
employed at a time when ocular symptoms 
were present, but there was nothing to sug- 
gest any change in ocular function until Mes- 
tinon was reinstated. However, the dosage 


schedules were different from those used by 
others in the treatment of myasthenia alone, so 
the significance of this observation is unknown. 
The question of a relationship other than 
chance must await further definition of the 
pathologic physiology of these disorders. 


SUMMARY 


A case of extraocular myasthenia gravis 
followed in a few months by systemic lupus 
erythematosus is described. There was no clin- 
ical evidence to suggest that these disorders 
were related except by coincidence. 


REFERENCES 


1. Dary, D.: Central nervous system in acute dissem- 
inated lupus erythematosus. J. Nerv. & Ment. Dis. 
102:461, 1945. 

. Tumutty, P. A., and Harvey, A. M.: The clinical 
course of disseminated lupus erythematosus: an evalu- 
ation of Osler’s contributions. Bull. Johns Hopkins 
Hosp. 85:47, 1949. 

3. Sepcwick, R. P., and Von 
logical manifestations of lupus erythematosus and 
periarteritis nodosa: report of 10 cases. Bull. Los 
Angeles Neurol. Soc. 13:129, 1948. 

4. Graser, G. H.: Lesions of the central nervous system 
in disseminated lupus erythematosus. Arch. Neurol. & 
Psychiat. 67:745, 1952. 

5. Harvey, A. M., L. E., Tumutrty, P. A., 
Coney, C. L., and ScHoenricn, E. H.: Systemic 
lupus erythematosus: review of the literature and 
clinical analysis of 138 cases. Medicine 33:291, 1954. 

6. Cross, R. J. (Editor): Systemic lupus erythematosus. 
Combined Staff Clinics of the College of Physicians 
and Surgeons, Columbia University and Presbyterian 
Hospital, New York. Am. J. Med. 28:333, 1960. 

7. E. W., Tetner, J. E., and Unwna, K. R.: 
Sensitivity of myasthenia gravis patients to tubocura- 
rine and decamethonium. Neurology 3:284, 1953. 

. Bremen, G. M.: Quoted by Walsh," pp. 786-787. 

. Sears, M. L., Wausn, F. B., and Teasparr, R. D.: 
The electromyogram from ocular muscles in myasthe- 
nia gravis. Arch. Ophth. 63:791, 1960. 

10. Rowrianp, L. P.: Prostigmin-responsiveness and the 

diagnosis of myasthenia gravis. Neurology 5:612, 1955. 

ll. Eaton, L. M., and Lampert, E. H.: Electromyog- 
raphy and electrical stimulation of nerves in diseases 
of the motor unit. Observations on myasthenic syn- 
drome associated with malignant tumors. J.A.M.A. 
163:1117, 1957. 

12. Levy, G., Meapows, W. R., and Gunnar, R. M.: 
Association of Graves’ disease with myasthenia gravis, 
with a report of 5 cases. Ann, Int. Med. 35:134, 1951. 

13. Wausn, F. B.: Textbook of Neuro-ophthalmology. 2d 
ed. Baltimore, Williams & Wilkins Co., 1957, pp. 
775-776. 

14. Muxper, D. W., Lampert, E, H., and Eaton, L. M.: 
Myasthenic syndrome in patients with amyotrophic 
lateral sclerosis. Neurology 9:627, 1959. 

15. Dusors, E. L.: The effect of the L.E. cell test on 
the clinical picture of systemic lupus erythematosus. 
Ann. Int. Med. 38:1265, 1953. 

16. Merritt, H. H.: Textbook of Neurology. Philadelphia, 
Lea & Febiger, 1959, p. 519. 

17. Scuiezincer, N. S.: Present status of therapy in 
myasthenia gravis. J.A.M.A. 148:508, 1952. 

18. Gros, D., and Harvey, A. M.: Effect of adrenocorti- 
cotropic hormone (ACTH) and cortisone administra- 
tion in patients with myasthenia gravis and report of 
onset of myasthenia gravis during prolonged cortisone 
administration. Bull. Johns Hopkins Hosp. 91:124, 
1952. 


w 


Hacen, K. O.: Neuro- 


on 


Histochemical study of neuronal 
necrosis produced by intracerebral 
injection of diphtheria toxin 


K. D. Barron, M.D. 


In 1955, de Duve and collaborators' postulat- 
ed the existence of a new type of intracellular 
organelle for which they suggested the name 
“lysosome.” This structure was considered to 
be the locus of certain hydrolases with pH op- 
tima in the acid range. Among a number of 
enzymes visualized as enclosed within the lyso- 
some by a single lipoprotein membrane were 
acid phosphatase and beta-glucuronidase. Un- 
der normal intracellular conditions, the en- 
zymes of the lysosome were thought to play 
little part in cellular metabolism. It was sug- 
gested, however, that, during autolysis and ne- 
crosis, the hydrolases of the lysosome gained 
access to their intracellular substrates because 
of increased permeability of the limiting mem- 
brane and proceeded to bring about acid in- 
tracellular digestion.? 

The lysosome concept, as originally formu- 
lated, was defined in biochemical terms. It 
remained for Novikoff and associates? to 
examine the lysosome concept from a morpho- 
logic standpoint and to advance evidence de- 
rived by electron microscopy and by applica- 
tion of histochemical technics in its support. 
Novikoff* described enlargement of intracellu- 
lar structures believed to be lysosomes in ex- 
perimental necrotizing lesions, as in the cells 
of the proximal tubules in renal hydronephro- 
sis, and for such enlarged lysosomes coined the 
term “cytolysome.” Contemporaneously with 
Novikoff’s researches, Holt* engaged in a criti- 
cal study of the Gomori acid phosphatase 
method in normal rat tissues and adduced evi- 
dence that this technic, when properly applied, 
could actually localize and delineate specific 
intracellular structures analogous to de Duve’s 
lysosomes. The application of the Gomori tech- 
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nic, according to Holt’s recommendations, pro- 
vides a histochemical method for the morpho- 
logic demonstration of the postulated organelle, 
the lysosome, and for the study of any struc- 
tural changes which lysosomes may undergo 
under experimental conditions. One important 
step in the Gomori method, as applied by Holt, 
is the use of infiltration of tissue by a hyper- 
tonic solution of gum sucrose (1% gum acacia 
in 0.88 M sucrose) prior to freeze-sectioning. 

In a previous study, in which the improved 
Gomori technic for acid phosphatase? was 
used in formol-calcium fixed frozen sections, 
the formation of enlarged “droplets” of lead 
sulfide, the final reaction product in the Gomori 
procedure, was demonstrated in neurons of rat 
brain injured by ischemic and anoxic anoxia.® 
This report was the first attempt to study cyto- 
chemically the response to injury of lysosomes 
of nervous tissue. The enlarged granules of 
lead sulfide found in injured neurons were con- 
sidered to constitute morphologic evidence for 
the presence within injured nerve cells of 
damaged, swollen lysosomes or cytolysomes. 
Since the responses of acid phosphatase and 
of other enzymes have been reported to vary 
with the injurious agent employed, at least in 
the case of experimental renal lesions, it 
seemed pertinent to extend the previous study 
of cytolysome formation to another form of 
neuronal injury. The necrosis produced by a 
cytoplasmic poison—diphtheria toxin—was se- 
lected for examination. The intracerebral in- 
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jection of diphtheria toxin was found to cause 
a rather generalized and consistently repro- 
ducible neuronal injury. Its use had been sug- 
gested by a publication from another labora- 
tory.'° The present communication deals with 
the response of neurons of the central nervous 
system of the albino rat to injury by diphtheria 
toxin. Two enzymes for which a predominantly 
lysosomal localization has been postulated and 
for which satisfactory histochemical methods 
have been devised, namely, acid phosphatase 
and beta-glucuronidase, were studied. It was 
hoped that the enzyme staining procedures 
would yield further histochemical and, in the 
case of the acid phosphatase method, critical 
morphologic evidence for a role of lysosomes in 
nerve-cell death. 


MATERIALS AND METHODS 


Albino rats of the Sprague-Dawley strain 
weighing 150 to 250 gm. were used. A volume 
of 0.15 cc. of diphtheria toxin containing 600 
guinea pig minimum lethal doses was intro- 
duced intracerebrally through a parietal burr 
hole during ether anesthesia.* Injection of tox- 
in was accomplished by a tuberculin syringe 
and a No. 26-gauge hypodermic needle. Ani- 
mals were sacrificed under ether anesthesia at 
two, four and one-half, eight, twelve, twenty, 
and twenty-four hours after injection. Four an- 
imals were used for each survival period. Sev- 
eral animals failed to survive beyond twenty 
hours. The tissues of these were not examined. 

A control group of 6 animals was killed twelve 
hours after intracerebral injection of 0.15 ce. 
of sterile normal saline. An additional control 
group was comprised of 4 animals which were 
killed immediately after a period of ether an- 
esthesia similar to that employed during the 
intracerebral injections. Both control groups 
served to further complement an extensive ex- 
perience with the appearances of brain acid 
phosphatase preparations from untreated rats 
examined in a previous study® in which the 
animals were killed by cervical fracture or by 
ether. 

Sacrifice of the animals used in this experi- 
ment was accomplished by immersion in an 


°The toxin employed was a crude preparation containing 
approximately 4,000 guinea pig minimum lethal doses per 
cubic centimeter and was obtained through the courtesy 
of the National Drug Co. and Wyeth Laboratories. 
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atmosphere saturated with ether, following 
which the scalp was incised by a midline in- 
cision. The skull was then opened widely by 
driving a stout scalpel blade through the sagit- 
tal suture just behind a line joining the orbits. 
The tentorium cerebelli was incised with a fine 
scissors. The cerebral leptomeninges were like- 
wise incised and stripped laterally, and the 
cerebrum, brain stem, and cerebellum were re- 
moved intact with a malleable strip of metal 
alloy. The entire procedure was completed a 
few minutes after anesthesia was begun. The 
cerebral hemispheres were cut into blocks of 
2 to 3 mm. thickness immediately upon re- 
moval to a clean surface. The right hemisphere 
was utilized for the histochemical studies, one 
block being taken to include the striatum and 
one the hippocampus. Blocks of both the right 
and left hemispheres, including the same struc- 
tures and facing sections in the case of the 
right hemisphere, were embedded in paraffin 
and stained by cresyl violet and hematoxylin 
and eosin. Two blocks of cerebellum were pre- 
pared similarly, one being employed for histo- 
chemical studies and one for paraffin embed- 
ding and routine staining. All blocks of brain 
tissue destined for histochemical treatment 
were transferred immediately after removal to 
an ice-cold, chloral hydrate-formalin fixative." 
Fixation was carried out for eighteen to twen- 
ty-two hours at 2 to 4° C. The blocks were 
then removed and each was cut in a coronal 
plane into 2 portions of approximately equal 
thickness. One portion was sectioned immedi- 
ately at 15 » ona standard freezing microtome 
and processed for beta-glucuronidase’? and 
acid phosphatase.*.* The remaining halves of 
the blocks of tissue were transferred to a gum- 
sucrose solution, as described by Holt,® and 
were maintained at 2° C. for twenty-four hours, 
after which frozen sections were made at a 
thickness of 10 » and studied for acid phos- 
phatase by the Gomori method. The acetate 
buffer-lead nitrate solution and the glycero- 
phosphate solution were prepared and stored 
separately. Eighteen to twenty-four hours prior 
to use, these were mixed in a proportion of 10 
to 1 and the mixture incubated at 37° C. The 
substrate medium thus prepared was filtered 
immediately prior to introduction of the sec- 
tions. In the acid phosphatase studies, a con- 
trol medium in which beta-glycerophosphate 
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pyknotic. Twelve hours’ survival. Hematox- 
yvlin and eosin. x 80 
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Fig. 2. Necrosis in pyriform cortex. Twelve 
hours’ survival. Hematoxylin and eosin. x 
100 


Fig. 3. Necrosis in Purkinje cell layer of cer- 
ebellum. Twenty hours’ survival. Hematox- 
ylin and eosin. x 100 
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was absent was routinely employed. In a few 
instances, sodium fluoride in a concentration 
of 10-7M was added to the standard in- 
cubating medium containing glycerophosphate. 
This substance is a known inhibitor of acid 
phosphatase. As controls for the beta-glucuron- 
idase procedure, representative sections were 
incubated in a medium lacking 8-hydroxyqui- 
noline glucuronide but otherwise identical with 
the standard substrate. The incubation times 
employed were as follows: for acid phospha- 
tase, 30 minutes; for beta-glucuronidase, thirty, 
sixty, one hundred twenty, one hundred 
eighty, and three hundred minutes. 


RESULTS 


Clinical effects. Ten to fifteen minutes after 
the operative procedure, the animals were 
alert and showed little or no deleterious effect. 
Four to six hours after the operation, they 
appeared less active than normal. By eight to 
twelve hours, their hind legs were weak and 
their gait unsteady. Thereafter, they became 
progressively somnolent and quadriparesis de- 
veloped. At twenty-four hours, the animals 
were moribund. 

Hematoxylin and eosin and cresyl violet 
stains. In hematoxylin and eosin and cresyl 
violet preparations, the first alterations were 
noted eight hours after injection and were 
confined to the Purkinje cell layer of the cere- 
bellum. These neurons appeared pallid, swol- 
len, and depleted of Nissl substance, while the 
intervening tissue was disintegrated or porous. 
Twelve hours after instillation of toxin, a slight 
loss of Purkinje cells was apparent and many 
surviving neurons showed pyknosis or severe 
swelling with loss of chromidial substance. The 
neurons of the dentate nucleus, neocortex 
(Fig. 1), and pyriform cortex (Fig. 2) showed 
similar, though less severe, changes. Usually, 
in the neocortex, layers 1 through 3 were par- 
ticularly affected. The cerebellar white matter 
adjoining the fourth ventricle was pale and 
spongy. With increasing survival times, the 
extent of these changes increased. By twenty 
hours, the Purkinje cell layer was replaced in 
some folia by an empty cleft (Fig. 3). Many 
neurons of the neocortex, pyriform cortex, and 
hippocampal formation (Fig. 4) were lost and 
represented by empty perineuronal spaces, 
while those that were left were swollen and 
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Fig. 4. [A, above] Pallid neurons of pyram- 
idal band of hippocampus. Note also some 
cell loss. Twenty hours’ survival. Hematoxy- 
lin and eosin. x 100. [B, right] Another area 
of pyramidal sector. Neurons represented 
only by pyknotic nuclei. Same animal as in 
A. Hematoxylin and eosin. x 400 


lacking in Nissl substance or shrunken and 
pyknotic. These regressive changes were wide- 
spread. The corpus callosum, striate bundles, 
and white matter of the cerebellum (Fig. 5) 
were pale and spongy. The neurons of the 
corpus striatum showed abnormalities which 
were in general less severe than those of the 
cerebral cortex. The thalamus showed little al- 
teration under the conditions of this experi- 
ment. Detailed examination was limited to the 
structures specifically mentioned in the fore- 
going. In some animals, there was a consider- 
able outpouring of leukocytes into the lepto- 
meninges. The changes described were not 
accompanied by any noteworthy response of 
glia elements which could be detected in the 
standard histologic preparations. 

Acid phosphatase. The distribution and con- 
figuration of the granules of lead sulfide in nor- 
mal acid phosphatase preparations of rat brains 
were described in a previous study in which 
formol-calcium fixation was used.* The appear- 
ance of normal brain tissue fixed in chloral hy- 


drate-formalin was entirely similar save that 
there appeared to be an even sharper definition 
of the deposits of lead sulfide (Figs. 6, 7, and 
8). Chloral hydrate-formalin has been demon- 
strated to preserve acid phosphatase activity 
well.!! In normal tissues, the round or ovoid 


Fig. 5. Spongy pallor (“edema”) of cere- 
bellar white matter. Granular layer lies to 
right. Twenty hours’ survival. Hematoxylin 
and eosin. x 200 
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Fig. 6. Lysosomes in normal Purkinje cells. 
Acid phosphatase with gum-sucrose _infil- 
tration. x 450 


granules of the lead reaction product (lyso- 
somes) were largely confined to the cell bodies 
of neurons and ranged in size from the limits 
of optical resolution to 1.2 » in largest diam- 
eter. Rarely, occasional granules in a few neu- 
rons attained a diameter of 2 » in the pyriform 
cortex, in the fifth layer of the neocortex, in 
the pyramidal cells of the hippocampus, and 
in the Purkinje cell layer of the cerebellum. In 
general, however, they measured 0.4 to 0.7 » 
in widest dimension. These granules were as- 
sumed to be deposited upon and to delineate 
specific intracellular organelles and hereinafter 
will be referred to as lysosomes. Evidence for 
the validity of this assumption has been ad- 
vanced elsewhere.* It should be mentioned 
that following gum-sucrose impregnation of tis- 
sues from normal or saline-injected animals, 
the histochemical preparations showed less 
variation in the size of lead sulfide particles 
and, especially in Purkinje cells, fewer granules 
of large (1 » or more) dimension. 

Acid phosphatase preparations from rats sur- 
viving four and one-half hours showed definite 
enlargement of lead sulfide droplets in neurons 
of the Purkinje cell layer, pyriform cortex, and 
hippocampus. Many of these neurons, both in 
sections impregnated with gum-sucrose and in 
those cut at the conclusion of formalin fixa- 
tion, had swollen cell bodies containing gran- 
ules measuring from 1 to 2 » or more in largest 
diameter. In addition, other neurons in these 
locations had closely packed aggregates of 6 
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Fig. 7. Normal pyriform cortex. Acid phos- 
phatase with gum-sucrose. X 450 


Fig. 8. Normal neocortex. Acid phosphatase 


with gum-sucrose. x 450 
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Fig. 9. [A, left] Neurons of 
neocortex showing large ag- 
gregations of cytolysomes. 
Note also diffuse cytoplas- 
mic staining. Twelve hours’ 
survival. Acid phosphatase 
with gum-sucrose. x 450. 
[B, right] Neocortex of same 
animal as in A. Note also 
nuclear staining in lower 
neuron. 450 


or more large black lead sulfide droplets oc- 
cupying a considerable area of the cell body 
or even appearing to distend it. Hereinafter, 
these enlarged structures measuring individual- 
ly 2 » or more will be called cytolysomes. Fre- 
quently, neurons which contained cytolysomes 
showed a prominent dark brown finely granu- 
lar coloration of their nuclei. This appearance 
was particularly conspicuous in Purkinje cells 
but was also seen in other structures, especial- 
ly the hippocampus and pyriform cortex. It 
was present, though to a lesser extent, in sec- 
tions infiltrated with the gum-sucrose solution 
prior to staining. 

The formation of enlarged individual gran- 
ules and of aggregates of such granules was 
much more striking in rats surviving eight to 
twelve hours (Figs. 9 and 10). At this stage, 
many neurons of all divisions of the cerebral 
cortex showed cytolysome formation. The oc- 
currence of cytolysomes was even more striking 
in the Purkinje cell layer of the cerebellum. 
However, the pyriform cortex and the second 
and third layers of the neocortex were also sites 
of this neuronal alteration. Some neurons of 
the Purkinje cell layer and of the pyriform cor- 
tex contained cytolysomes measuring 3.5 to 5 
in diameter, and bodies of like size were oc- 
casionally demonstrable elsewhere, as in the 
fifth layer of the neocortex, the hippocampus, 
and dentate nucleus. Occasional cytolysomes 
were also present in small neurons of the cor- 


pus striatum. The thalamus was little affected. 
In areas where cytolysome formation was pres- 
ent, nuclear staining and a diffuse brown color- 
ation of the cytoplasm were also features, 
though inconstant. By twenty hours’ survival, 
some over-all loss of enzyme activity was de- 
tectable, but many neurons in the structures 


Fig. 10. Pyriform cortex showing cytoly- 
somes within neurons. Cytoplasm is diffuse- 
ly stained. Twelve hours’ survival. Acid 
phosphatase with gum-sucrose. x 450 
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.) As mentioned previously continued to contain 
” large cytolysomes (Figs. 11, 12, 13). By 


Fig. 11. Note large cytolysome in Purkinje 


cell with 


swollen rounded body. 


Twenty 


hours’ survival. Acid phosphatase ‘with gum- 
450 


sucrose impregnation. 
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Fig. 12. Pyriform cortex 
survival, 


at twenty hours’ 


Note numerous cytolysomes. Acid 


phosphatase with gum-sucrose. x 450 
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Fig. 13. Cytolysomes in neurons of fifth 
layer of neocortex. Twenty hours’ survival. 


Acid phosphatase. x 450 


twenty-four hours after introduction of toxin, 
enzyme activity was greatly reduced in dam- 
aged regions. There were few cytolysomes at 
this stage. 

Nuclear staining was sometimes found in 
Purkinje cells and occasionally in other loca- 
tions, especially in the pyriform cortex, in sec- 
tions from normal untreated animals stained 
for acid phosphatase without prior impregna- 
tion of the tissue with gum-sucrose. A discus- 
sion of the significance of nuclear staining in 
phosphatase preparations may be found in 
Pearse’s text'* and in Holt’s article.® It is gen- 
erally accepted that most, if not all, nuclear 
staining is the result of diffusion and adsorp- 
tion artifacts. The findings obtained in this 
study would confirm such a conclusion, for it 
was a striking fact that brain tissues from nor- 
mal and saline-injected animals stained for 
acid phosphatase after the gum-sucrose treat- 
ment showed little or no nuclear staining, even 
when this change was prominent in tissues 
from the same animals stained without prior 
impregnation in the gum-sucrose solution. In 
the toxin-injected animals, the use of infiltra- 
tion of the tissue in the hypertonic medium 
prior to sectioning greatly reduced, though it 
did not eliminate, nuclear staining. 

Sections incubated in control media lack- 
ing glycerophosphate showed little evidence of 
nonspecific deposition of lead. This was also 
true of sections incubated in the complete sub- 
strate in the presence of the inhibitor, 0.01 M 
sodium fluoride. When lead was deposited 
nonspecifically, it was usually located in or ad- 
jacent to the leptomeninges; was relatively cir- 
cumscribed; was distributed in the neuropil as 
well as in cell bodies; and was generally com- 
posed of granules irregular in shape, size, and 
intensity of coloration. Nuclear staining was 
not seen in the control sections. 

Beta-glucuronidase. In general, the distribu- 
tion of beta-glucuronidase paralleled that of 
acid phosphatase. Thus, structures such as the 
hippocampal formation, Purkinje cell layer, 
and deep cerebellar nuclei stained strongly for 
both enzymes, while the granular cell layer of 
the cerebellum showed little evidence of the 
presence of either. Axons and dendrites stained 
intensely for beta-glucuronidase but generally 
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only faintly for acid phosphatase. Attempts at 
discrete intracellular localization of granules of 
Prussian blue in the beta-glucuronidase pro- 
cedure were only partially successful. The usu- 
al picture was a deep diffuse blue coloration 
of the cytoplasm. In some experiments, gum- 
sucrose infiltration of the tissue was employed 
in an attempt to improve the morphology of 
the beta-glucuronidase preparations. No im- 
provement was obtained by this procedure 
however. In Purkinje cells and in the large 
pyramidal neurons of the cerebral cortex, it 
was possible to demonstrate fine granules of 
Prussian blue in normal neurons when short 
(two-hour) incubations were emploved, but 
these granules were pleomorphic, being round 
or rod-shaped and tending to coalesce to form 
a net which occupied the entire perikaryon. 
When sections of the cerebellum from normal 
animals were incubated in the Fishman-Baker 
substrate at 37° C. for one hour, there was no, 
or very slight, deposition of the reaction prod- 
uct, Prussian blue, in the Purkinje cells and 
the neurons of the dentate nucleus (Fig. 14). 
In contrast, the Purkinje cells and the dentate 
neurons of animals injected with diptheria tox- 
in showed a moderate to strong reaction for 
the enzyme after one-hour incubation (Fig. 


Fig. 14. Beta-glucuronidase with neutral red 
counterstain. Incubation one hour at 37° C. 
Purkinje cells are negative. x 450 


Fig. 15. Positive beta-glucuronidase reaction 
in Purkinje cells, including apical dendrites. 
Incubation as in Figure 14. Eight hours’ 


survival. x 450 


15) and an intense reaction after two hours. 
This was true of animals surviving four and 
one-half to twelve hours after injection of tox- 
in. With longer periods of incubation, differ- 
ences in intensity of staining in cerebellar neu- 
rons of the two groups were difficult to assess. 
In general, the intensity of staining of cerebral 
structures, especially the hippocampus and the 
pyriform cortex, was greater in animals with 
induced lesions than in normal animals. This 
difference was evident with incubations of two 
to three hours, the time when significant stain- 
ing of cerebral neurons was most consistently 
obtained. After five hours of incubation, neu- 
rons of both normal and diseased animals ex- 
hibited an intense reaction in cerebral cortex, 
corpus striatum, and thalamus. In animals sur- 
viving twenty hours after the injection of toxin, 
many neurons in diseased areas were devoid 
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of glucuronidase activity and there was con- 
siderable extracellular precipitate. 

Control sections incubated in the absence of 
8-hydroxyquinoline glucuronide were negative. 


DISCUSSION 


The occurrence within neurons of abnormal- 
ly large granules of lead sulfide was interpret- 
ed as morphologic evidence of cytolysome for- 
mation. In animals surviving four and one-half 
hours, cytolysome formation was detectable in 
the pyriform cortex, hippocampus, and Purkin- 
je cell layer of the cerebellum and antedated 
the appearance of definite alterations in the 
hematoxylin and eosin and cresyl violet prep- 
arations. In animals surviving twelve hours, 
however, neurons containing cytolysomes were 
limited to structures which showed severe cy- 
tologic alterations by routine methods. Since 
the injection of toxin proved fatal to the ani- 
mal and since the cytologic picture of the in- 
duced lesion in the cerebrum, striatum, and 
cerebellum indicated an irreversible cellular 
injury, it was concluded that cytolysome for- 
mation under the experimental conditions re- 
ported here was associated with irreversible 
damage and augured cell death. It might be 
mentioned that, under other conditions, as in 
the changes induced in brain by acute anoxia, 
there are indications that cytolysomes may be 
associated with a reversible process.* 

The results of this study confirm the findings 
of Holt® on the improved cytologic picture ob- 
tained in the Gomori procedure by prior gum- 
sucrose infiltration of the tissue. The lessened 
variability in granule size and the virtual aboli- 
tion of nuclear staining in normal brain tissues 
prepared by Holt’s recommendations make the 
use of gum-sucrose infiltration generally desira- 
ble in the assessment of acid phosphatase prep- 
arations of brain. 

The data presented neither support nor deny 
the presence of beta-glucuronidase in lyso- 
somes of the central nervous system. The fail- 
ure to obtain a discrete intracellular localiza- 
tion of the enzyme reaction product may 
be ascribed, at least in part, to the fact that 
this enzyme diffuses rapidly from tissue sec- 
tions.14 Although heightened beta-glucuroni- 
dase activity was demonstrable in injured neu- 
rons, particularly in injured Purkinje cells, the 
explanation may lie in phenomena other than 


alteration of permeability of lysosomes. It is 
noteworthy that Scarpelli and Pearse’® have 
described the localization of beta-glucuroni- 
dase to structures resembling filamentous mit- 
ochondria. They used sections cut in the cry- 
ostat and incubated in “protective” media. 
Mitochondria are known to undergo alterations 
in tissues injured by diphtheria toxin.'® It is 
also noteworthy that the inclusion of beta-glu- 
curonidase as a lysosomal enzyme in nervous 
tissue has been questioned on biochemical 
grounds.!7 

The existence of the lysosome as a distinct 
intracellular organelle cannot yet be regarded 
as proved. The “droplets” which occur in the 
proximal convoluted tubules of rat kidney fol- 
lowing intraperitoneal injection of egg white 
have been variously identified as lysosomes'* 
and as altered mitochondria.1® Nevertheless, 
the weight of the evidence derived from a 
variety of chemical and morphologic technics 
substantiates the claims of de Duve and Novi- 
koff and associates. The present study has 
shown that, in the course of a necrotizing neu- 
ronal injury produced in the brain by divhtheria 
toxin, enlarged droplets rich in acid phos- 
phatase activity can be demonstrated in the 
injured cells. It would seem justified to inter- 
pret this phenomenon as morphologic evidence 
for alteration of specific intracellular organ- 
elles, namely, lysosomes, in nerve-cell death 
and for their participation in the process of 
lysis of dead neurons. 
SUMMARY 


1. The intracerebral injection of diphtheria 
toxin in rats causes necrosis of neurons of the 
cerebral cortex, striatum, and cerebellum. 

2. In the course of this necrotizing lesion, 
neurons may be shown to develop enlarged 
droplets of lead sulfide, as demonstrated by 
the Gomori procedure for acid phosphatase. 


3. Beta-glucuronidase activity appears to be 
increased in early stages of neuronal necrosis. 


4. These findings are discussed in relation to 
the postulated cellular organelle, the lysosome. 


The organic constituents of the incubation media were 
obtained from the following sources: sodium beta-glycero- 
phosphate and 8-hydroxyquinoline, K & K Laboratories; 
sodium acetate. 3 H,O, Fisher Scientific; 8-hydroxyquino- 
line glucuronide, Sigma Chemical Co. and Dajac Labora- 
tories. Ferric sulfate. 6 H,O was obtained from Merck & 
Co. Other compounds employed were reagent grade and 
were obtained from Fisher Scientific. 


. Novixorr, A. B., Breauray, H., 
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10. 


HISTOCHEMICAL STUDY OF NEURONAL NECROSIS 


723 


REFERENCES 


. pE Dvuve, C., and others: Tissue fractionation studies. 


VI. Intracellular distribution patterns of enzymes in 
rat liver tissues. Biochem. J. 60:604, 1955. 


. DE Duve, C.: The function of intracellular hydrolases. 


Exper. Cell Res. (Supp. 7):169, 1959. 

and ve Dvve, C.: 
Electron microscopy of lysosome-rich fractions from 
rat liver. J. Biophys. & Biochem. Cytol. 2 (Supp.): 
179, 1956. 


. Novixorr, A. B.: The proximal tubule cell in experi- 


mental hydronephrosis. J. Biophys. & Biochem. Cytol. 
6:136, 1959. 


. Novixorr, A. B.: Biochemical and staining reactions 


of cytoplasmic constituents. In Rudnick, D., editor: 
Developing Cell Systems and Their Control. New 
York, The Ronald Press, 1960, p. 167. 


. Hort, S. J.: Factors governing the validity of staining 


methods for enzymes, and their bearing upon the Go- 
mori acid phosphatase technique. Exper. Cell Res., 
(Supp. 7):1, 1959. 

G.: Microscopic Histochemistry. Chicago, 
University of Chicago Press, 1952, p. 189. 


. Becker, N. H., and Barron, K. D.: Cytochemistry of 


anoxic and anoxic-ischemic encephalopathy in rats. 
Am. J. Path. 38:161, 1961. 


. Wacuster, M., and Metser, E.: A comparative study 


of enzymatic staining reactions in the rat kidney with 
necrobiosis induced by ischemia and _ nephrotoxic 
agents (mercuhydrin and DL-serine). J. Histochem. & 
Cytochem. 5:204, 1957. 

AcarwaL, S. C., and Pryce, D. M.: Experimental 
diphtheritic paralysis in rats. J. Path. & Bact. 78:171, 
1959. 


11. 


15. 


. MUSTAKALLIO, 


Baker, J. R., Hew, H., and Fisuman, W. H.: The 
use of a chloral hydrate formaldehyde fixative solu- 
tion in enzyme histochemistry. J. Histochem. & Cyto- 
chem. 6:244, 1958. 


. Fisuman, W. H., and Baker, J. R.: Cellular localiza- 


tion of beta-glucuronidase in rat tissues. J. Histochem. 
& Cytochem. 4:570, 1956. 


. Pearse, A. G. E.: Histochemistry. Theoretical and 


Applied. London, J. & A. Churchill, Ltd., 1960, p. 
394. 


. Nacuias, M. M., Prixx, W., and Sevicman, A. M.: 


Quantitative estimation of lyo- and desmoenzymes in 
tissue sections with and without fixation. J. Biophys. 
& Biochem. Cytol. 2:487, 1956. 


Scarpetu, D. G., and Pearse, A. G. E.: Physical 
and chemical protection of cell constituents and the 
precise localization of enzymes. J. Histochem. & Cy- 
tochem. 6:369, 1958. 


K. K.: Histochemical alterations in 
succinic dehydrogenase activity of guinea pig tissues 
following administration of diphtheria toxin. Exper. 
Cell Res. 7:592, 1954. 


. Wurrraker, V. P.: The isolation and characterization 


of acety 


) ing particles from brain. Bio- 
chem. J. 


72:694, 1959. 


. Straus, W.: Changes in “droplet” fractions from rat 


kidney cells after intraperitoneal injection of egg white. 
J. Biophys. & Biochem. Cytol. 3:933, 1957. 


. Waxxace, B. J.: The relation of mitochrondrial mor- 


phology to succinoxidase activity as observed in the 
rat kidney after protein injection. J. Histochem. & 
Cytochem. 8:105, 1960. 


| | 
7 


“Completed stroke” due to 


occlusive cerebrovascular disease 


An analysis of 409 cases 


E. S. Gurdjian, M.D., D. W. Lindner, M.D., 


W. G. Hardy, M.D., and L. M. Thomas, M.D. 


A COMPLETED STROKE is defined as a neurolog- 
ic deficit due to occlusive cerebrovascular dis- 
ease which may persist for hours or days.' Cer- 
ebral infarction may be presumed if the neural 
deficit lasts for several days. This paper will 
describe our experiences with a large series 
of patients with completed strokes due to oc- 
clusive disease. 

The material consists of 409 cases of com- 
pleted stroke seen between July 1956 and 
April 1960. Of these, 111 were seen within 
three days following the onset of their disabil- 
ity, 49 within ten days, and 249 after ten days. 

If the condition has been present for three 
days or less, careful evaluation of the patient 
by history, neurologic examination, digital ca- 
rotid compression testing, ophthalmodynamom- 
etry, skull roentgenograms, lumbar puncture, 
electrocardiography, electroencephalography, 
and angiography is important. Among this 
group, a number of patients may be found to 
have a multiplicity of occlusive vascular le- 
sions involving both intracranial and extracra- 
nial vessels. In others, there may be concom- 
itancy of different pathologic states, such as 
occlusive vascular disease and brain tumor, 
subdural hematoma or intracranial aneurysm 
with or without rupture, or intracerebral hem- 
orrhage. These various combinations as well as 
a recently occluded cervical segment of a ves- 
sel may pose problems in diagnosis and treat- 
ment which can be evaluated more effectively 
by angiography. 

Angiography in patients who are seen four 
to ten days after the onset of the focal abnor- 
mality is indicated even when a patient may 
show evidence of improvement. Concomitant 
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lesions as well as multiple occlusive lesions 
may thus be identified. The possibility of re- 
establishment of blood flow in an occluded or 
stenotic vessel in the neck also has to be kept 
in mind. A number of patients in this late stage 
may show remarkable improvement because 
of the establishment of collateral flow when 
the condition is due to major occlusion in 
one of the neck vessels. Whether or not some 
of these patients may be helped by cervical 
sympathectomy is being investigated. 

Cases of completed stroke in patients seen 
several weeks or months or even years after 
the onset of the illness may be studied for the 
purpose of evaluating the causes of the stroke. 
Additional neurologic deficit develops in some 
of these patients. We have had a patient in 
whom homonomous hemianopsia, a temporary 
hemiparesis, and a recurrent weakness of the 
same half of the body occurring at eighteen- 
month intervals developed. Angiography in 
this patient showed occlusive disease in the 
siphon area with the first attack, high in the 
neck with the second, and at the bifurcation 
following the third attack. It is difficult to say 
whether or not the level of occlusive involve- 
ment is related to clinical manifestations. It 
is quite likely that, in most instances, retro- 
grade thrombosis occurs when the initial oc- 
clusive disease is at the siphon area. Throm- 
bosis may extend inferiorly to the bifurcation 


From the Department of Neurosurgery, Wayne State 
University College of Medicine, and the Neurosurgical 
Services of Grace and Detroit Memorial hospitals, Detroit. 
The authors were aided in this study by the Kresge Foun- 
dation. 
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Fig. 1. A 47-year-old white man admitted after second episode of hemiparesis. Angiogram [A] 
showed poor filling of middle cerebral branches. Four months later, after the hemiparesis became 
worse, angiogram [B] showed occlusion of the middle cerebral trunk. 


point or to a point of major branching (Fig. 1). 

In studying these patients, we have utilized 
Hypaque injection (40% to 50%) for 4-vessel 
angiography. Single exposures are made fol- 
lowing each injection. In some cases, we have 
used the Fairchild camera for 2 per second vis- 
ualization of the vasculature. Angiography in 
this group contributed to death in 3 patients. 
Their ages were 40, 63, and 74 years. Of these 
patients, 2 were seen within three days after 
onset of their last disability. 


FINDINGS 


The cases of 409 patients with completed 
stroke seen during a four-year period from 
July 1956 to April 1960 will be analyzed. Ta- 
ble 1 shows the age and sex distribution of 
this group. The majority of these patients were 
between the ages of 50 and 70 years. 

In Table 2, the course of the illness before 
the onset of the major stroke is presented. Al- 
though it is true that history taking has much 
to do with the accuracy of the conclusions, 
nevertheless, 222 patients came in with the 
first and only attack. In 142 patients, more 
than one attack was encountered. In many in- 
stances, the attacks were not frequent, and, 
in some cases, each attack was associated with 


a severe and lasting neurologic abnormality. In 
45 cases, a progressive course was noted with 
gradual development of neurologic sequelae. 
In all 3 types, there were examples of severe 
occlusive disease of the neck vessels associated 
with areas of hemorrhagic infarction of differ- 
ent ages in the autopsied brain. This suggests 
the occurrence in some cases of repeated and 
severe completed strokes. 

Elsewhere? we have reported that an epi- 


TABLE 1 
AGE AND SEX DISTRIBUTION IN 409 
CASES OF COMPLETED STROKE 


Age No. Age No. 
31-40 14 61-70 153 
41-50 59 71-80 46 
51-60 136 81-90 1 


Male—258 Female—151 


TABLE 2 
TYPES OF ONSET IN 409 CASES OF 
COMPLETED STROKE 


Single, sudden onset 222 
Episodic 142 
Progressive 45 
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sodic course need not indicate occlusive dis- 
ease of the larger vessels in the neck or at the 
base of the brain. In the present group, 55% 
of the patients with episodic cases have occlu- 
sive disease of the larger vessels in the neck 
and at the base of the brain. In 45%, disease 
of the smaller vessels of the brain is presumed. 

Angiographic analysis of the 409 cases re- 
vealed that 68 had carotid artery occlusion at 
the bifurcation on one or the other side and, 
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in 5 of these, on both sides. Internal carotid 
artery stenosis was noted in 55, with bilateral 
lesions in 19. Occlusion or nonfilling of the 
proximal portion of the anterior cerebral ar- 
tery was seen in 42. Middle cerebral artery 
occlusion was observed in 28, and vertebral- 
basilar occlusive abnormalities were noted in 27 
(Table 3). Major focal abnormalties were not- 
ed in 126 of the group with normal angio- 
graphic findings. These cases may have local- 


Fig. 2. [A and B] Right ca- 
rotid angiogram of a 59- 
year-old white male admit- 
ted following sudden onset 
of left hemiplegia. Note in- 
farct of thalamus in autopsy 
specimen [C], which did 
not cause shift of vessels in 
angiographic study. 
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Fig. 3. A 54-year-old white male had sudden onset of left hemiparesis six weeks before admission, 
with subsequent improvement. [A] Marked stenosis of right internal carotid origin. [B] Postoper- 
ative angiogram following endarterectomy done between silver clips shown. Note irregularities in 


siphon area. 


ized cerebral thrombosis with ischemic necro- 
sis, embolic abnormalities or intracranial hem- 
orrhagic extravasations not demonstrable angio- 
graphically or by the presence of bloody spinal 
fluid. Small artery disease in the distribution 
of the middle cerebral, posterior cerebral, or 
vertebral-basilar system has been presumed in 
patients with normal angiographic findings but 
with clinical symptoms and signs suggesting 
these various distributions (Fig. 2). 

In the next few paragraphs, the foregoing 
categories will be discussed more critically and 
in greater detail. 

Internal carotid artery occlusion. Carotid 
artery occlusion was seen in 68 cases associ- 
ated with a major focal abnormality; 5 had 
bilateral occlusions. In this group of 68 pa- 
tients, 36 had no history of previous attacks; 
23 gave a history of previous attacks, usually 
of less severity. In 9, the course was progres- 
sive. 

We have seen complete carotid occlusion in 
22 patients—not in this group—who had no 
residual focal abnormalities. In the evaluation 


of these patients, the possibility of occlusive 
disease of the internal carotid was suggested 
by digital carotid artery compression testing. 
Angiography in patients with carotid occlu- 
sion was done bilaterally. In many cases, bi- 
lateral supply from the patent side or collater- 
als between the external carotid distribution 
and the intracranial portion of the internal ca- 


TABLE 3 
ANGIOGRAPHIC FINDINGS IN 221 CASES 
OF COMPLETED STROKE 


Internal carotid occlusion 68 
Bilateral 5 
With contralateral stenosis 9 
Common, internal, external 2 

Internal carotid stenosis 55 
Bilateral 19 

Posterior cerebral occlusion 1 

Proximal anterior cerebral occlusion 42 

Middle cerebral trunk occlusion 28 

Vertebral-basilar occlusion and stenosis 27 
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Fig. 4. [A] A 69-year-old white male with four-month history of episodic numbness and weakness 
of right hand and face with slurring of speech. Note stenosis at main branching of middle cerebral 
artery. [B] A 62-year-old white male with sudden onset of right hemiparesis and aphasia seven 
weeks before admission. Neurologic deficits static. [C and D] A 56-year-old colored female ad- 


mitted after onset of right homonomous hemianopsia and aphasia. History of left hemiparesis four 
years earlier. 
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rotid on the affected side were visualized (Fig. 
8). 

Carotid artery stenosis. Internal carotid 
artery stenosis was thought to be a major etio- 
logic factor in the causation of the neurologic 
deficit in 55 patients. In 19, bilateral lesions 
were seen. In 27, there was a single attack; in 
22, there was more than 1 episode; and, in 6, 
the course was progressive (Fig. 3). 

In this class of patients, the likelihood of for- 
ward embolism from the atheromatous plaques 
must be considered. It may be difficult to dif- 
ferentiate between these patients and those 
purported to have small artery disease, but we 
feel that digital carotid artery compression aids 
in the differentiation. 

Middle cerebral artery occlusion. A severe 
degree of hemiplegia with or without aphasia 
was seen in 28 patients with occlusion of the 
main trunk of the middle cerebral artery. In 
only 2 cases was there minimal weakness in 
the opposite half of the body. Contralateral 
carotid artery compression in the neck resulted 


Fig. 5. A 43-year-old white male with sudden onset of severe headache and development of lat- 
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in no syncope. In 1 case, both middle cerebral 
arteries were found occluded. Each occlusion 
was associated with a separate deficit which 
improved (Fig. 4). 

In 19 patients, there was only a single at- 
tack; in 9, the course of the disease was epi- 
sodic. 

Vertebral-basilar artery occlusive disease. 
Vertebral-basilar atherosclerotic changes were 
noted in 27 cases in this series. In 13 patients, 
there was a single attack; in 10, the course was 
episodic, and, in 4, it was progressive. Dizzi- 
ness; vertigo; diplopia; unilateral and bilateral 
motor deficits; sensory changes involving the 
face; homonomous hemianopsia; and cranial 
nerve paralyses, particularly extraocular weak- 
ness, were the findings in this group. In an 
occasional case, a medullary syndrome was 
noted (Fig. 5). The degree of atherosclerotic 
change did not always correlate with the clin- 
ical symptomatology. 

Proximal occlusion of the anterior cerebral 
artery. Nonfilling or severe stenosis of the 


eral medullary syndrome in next forty-eight hours. Note occlusion of left vertebral artery at Cs in 
A and retrograde filling during contralateral brachial angiogram in B. 
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proximal portion of the anterior cerebral artery 
in angiographic studies may be due to con- 
genital abnormalities with a small proximal 
anterior cerebral artery, occlusive atheroscle- 
rosis, or both (Fig. 6). The majority of these 
arteries undoubtedly are congenitally small 
vessels. The incidence of a small proximal an- 
terior cerebral artery on one side in routine 
autopsies is about 2%. Among patients with 
cerebrovascular symptoms and signs, small or 
nonfilling proximal anterior cerebral arteries 
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a 
a 
Fig. 6. A 66-year-old white 
male admitted after sudden 
onset of left hemiparesis. 
Note difference in size of 
proximal anterior cerebral 
arteries as well as collateral 
filling in A. Complete ab- 
sence of filling from injec- 
tion of opposite carotid in B. 
[C] Autopsied brain from 
similar case showing con- 
genitally small proximal an- 


terior cerebral artery on 
right 


were found in 11% of our group. The factor of 
aging vessels in conjunction with congenitally 
abnormal development may result in dysfunc- 
tion of the proximal portion of the anterior cer- 
ebral artery, involving the ganglionic branches 
to the hypothalamus, the striatum, and the an- 
terior portion of the internal capsule. 

This disturbed cerebral circulation may 
result in both neurologic and mental disturb- 
ances. This may include generalized weakness, 
anxiety, and poor mentation, possibly related 
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“COMPLETED STROKE” DUE TO OCCLUSIVE DISEASE 


TABLE 4 
SMALL ARTERY DISEASE IN 188 CASES 
OF COMPLETED STROKE 


Middle cerebral distribution 141 
Vertebral-basilar distribution 30 
Posterior cerebral distribution 17 


to hypothalamic derangement. Weakness of 
the contralateral half of the body, greatest in 
the upper extremity, is present in approxi- 
mately one third of these patients. 

The diagnosis of occlusion of the proximal 
anterior cerebral artery may be made by angi- 
ography. As an aid in diagnosis, contralateral 
digital carotid artery compression may be 
used. This frequently results in syncope associ- 
ated with grasping upper extremity move- 
ments and, occasionally, in transient automatic 
behavior. Syncopal effect may be obtained in 
about two thirds of the cases by carotid com- 
pression in the neck on the side opposite the 
small or occluded anterior cerebral artery. 

In 23 patients, there was a single attack. In 
10, the course of the disease was episodic and, 
in 9, progressive. 

Posterior cerebral artery occlusion. This ab- 
normality was diagnosed angiographically in 1 
case. There was homonomous hemianopsia and 
a hemiparesis of the body toward the hemi- 
anoptic side occurring in a single attack. Pos- 
terior cerebral artery occlusion is difficult to 
diagnose by angiography. 

Small artery disease. Small artery disease 
in the distribution of the middle cerebral ar- 
tery was diagnosed in this group in 141 cases 
(Table 4). There was a single attack in 81 
cases. The course was episodic in 48 and pro- 
gressive in 12 patients. Many of these patients 
have associated cardiorenal dysfunction. Com- 
pression of the contralateral carotid in the neck 
causes no syncope. Occasionally, the diagnosis 
may be verified by angiographic findings of 
atheromatous changes in the secondary and 
tertiary branches of the middle cerebral artery. 
Pathologic changes in these vessels involve the 
media rather than the intimal lining (Fig. 7). 

Small artery disease in the distribution of 
the vertebral-basilar system was seen in 30 pa- 
tients. The neurologic deficits included dizzi- 
ness, cranial nerve paralyses, unilateral or bi- 
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lateral weakness of the body, and sensory 
abnormalities. The course of the disease was 
progressive in 4, episodic in 13, and in the 
form of a single, sudden attack in 13. 

Small artery disease in the distribution of 
the posterior cerebral artery was inferred in 17 
cases. All had homonomous visual field de- 
fects with no unilateral pyramidal tract dys- 
function and with normal angiographic find- 
ings. The course of the disease was sudden in 
9, episodic in 7, and progressive in 1. 
DISCUSSION 


It has become apparent in this series, as well 
as in others, that a history of episodic or re- 
curring neurologic abnormalities in a given 
patient does not necessarily indicate occlusive 
involvement of the extracranial vasculature 
supplying the brain. We have encountered 
many patients having recurring focal abnor- 
malities, in whom 4-vessel angiography is en- 
tirely negative for occlusive disease in the ma- 


Fig. 7. An 80-year-old white female with 
sudden onset of generalized weakness, some- 
what more on left side, two days before ad- 
mission. Note irregularities in secondary and 
tertiary branches. 
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Fig. 8. A 53-year-old white male admitted after second episode of right-sided numbness and dys- 
hasia. [A and B] Angiograms showed marked involvement of carotids bilaterally. [C and D] After 
ifteen months of anticoagulant therapy, patient was restudied because of recurring symptoms, 

and bilateral carotid occlusion was demonstrated. Note excellent collateral through ophthalmic 

artery in D. 
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“COMPLETED STROKE” DUE TO OCCLUSIVE DISEASE 


jor vessels. It must be presumed that the 
involvement in many of these cases is in the 
small vessels of the brain not visualized by 
angiography or that recurring embolic or hem- 
orrhagic episodes are responsible for the neu- 
rologic deficits. 

Focal ischemia with reversible neurologic 
sequelae must depend upon the patency of the 
small cerebral vessels. The exact role that a 
stenotic lesion in a proximal major branch (ex- 
tracranial) plays in the production of this focal 
ischemia is difficult to assess. Undoubtedly, in 
many instances, the proximal stenosis is a ma- 
jor factor in the production of focal ischemia. 
In other cases, we must assume that it is of lit- 
tle or no consequence. We feel that digital 
carotid artery compression can be valuable in 
assessing the importance of these lesions. 

Among our total number of 720 stroke pa- 
tients evaluated angiographically, we have op- 
erated on 6.9% for stenotic lesions. Of these, 45 
have had one or both carotid arteries explored 
in the neck and endarterectomy done (Fig. 3). 
There have been 5 patients in whom explora- 
tion was of vertebral origin. Complications in- 
clude postoperative thrombosis of the carotid 
artery in 6, with definite worsening of the neu- 
rologic deficit in 3. It is interesting that, in 
the other 3 cases, in spite of the occlusion of 
the vessel by angiography at a later date, the 
patients had made an apparent complete clin- 
ical recovery. We feel that the ideal candidate 
for endarterectomy is the patient who has (1) 
recurring or episodic focal neurologic abnor- 
malities with periods of normalcy between at- 
tacks, (2) a normal electroencephalographic 
pattern, (3) a positive response to digital ca- 
rotid artery compression on the side opposite 
the stenotic lesion, (4) clear cerebrospinal 
fluid, and (5) tolerance to digital carotid com- 
pression of the involved carotid artery. 

Mortality among the 409 patients with com- 
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pleted stroke to date is 99. Of these, 49 died 
during the initial hospital admission and the 
remainder at a future date or when readmitted. 
This compares with a mortality of 18% to date 
for our total stroke series of 720 cases. 

The value of anticoagulation is still not 
clear, although we are forming some definite 
conclusions regarding its usefulness. We are 
not impressed by the ability of anticoagulants 
to halt the progress of a thrombosing major 
vessel (Fig. 8). We do feel, however, that anti- 
coagulation is indicated in patients with epi- 
sodic strokes when a diagnosis of small artery 
disease is made after angiographic study. 


SUMMARY AND CONCLUSIONS 


1. Although angiography has certain disad- 
vantages, its value in the study of abnormali- 
ties of the larger vessels supplying the brain 
cannot be denied. 

2. Multiple vascular lesions are frequent. 

3. Vascular lesions and other pathologic 
processes may coexist, particularly among those 
over the age of 50. 

4. In patients with completed stroke, par- 
ticularly in the early stages, it is important to 
study the patients carefully, utilizing all diag- 
nostic means to arrive at an accurate conclu- 
sion. We should not be confused by the pres- 
ence of atheromatous lesions in the larger ves- 
sels and ascribe to them causative significance, 
when the real cause of the disability is another 
type of vascular lesion or a concomitant non- 
vascular lesion. 
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Survival in X-chromosomal 


muscular dystrophy 


F. E. Dreifuss, M.B. (N.Z.), M.R.C.P., M.R.A.C.P., 


and Gwendolyn R. Hogan, M.D. 


Many cLassiFicaTions of the muscular dys- 
trophies have been proposed. The most signifi- 
cant contributions are those of Bell,’ Tyler and 
Wintrobe,? Stevenson,* and Walton and Nat- 
trass.* The most satisfactory of these, on both 
clinical and genetic grounds, is that of Walton 
and Nattrass. These authors suggest the fol- 
lowing main groups: the Duchenne, the facio- 
scapulohumoral, and the limb-girdle types. 
They further recognize additional, less com- 
mon forms, including the distal, ocular, and 
myotonic dystrophies, as well as certain myop- 
athies of endocrine and metabolic origin. 

According to these authors, the chief crite- 
ria which characterize the Duchenne type of 
muscular dystrophy are [1] transmission as a 
sex-linked recessive character with a high mu- 
tation rate generally affecting males but rarely 
females, [2] onset usually in the first year or 
two of life but ocgasionally later, and [3] rapid 
progression with total disablement and often 
death in adolescence, but occasionally survival 
to adult life. 

The family which is reported in this paper 
satisfied the above criteria for the diagnosis of 
Duchenne-tvpe muscular dystrophy, apart from 
the unusual length of useful survival of its 
members, one of whom is still ambulant and 
active forty-eight years after the onset of his 
disease and another forty years after onset. 
The family pedigree is shown in the accom- 
panying figure. 


CASE REPORTS 


Ill-5. C.R., aged 52. Onset of muscular 
weakness was noted at 4 years of age, affect- 
ing at first the lower extremities and causing 
him to develop a peculiar, waddling gait, with 
difficulty in climbing stairs. At age 18, he had 
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his Achilles tendon lengthened bilaterally. 
Muscular weakness slowly and progressively 
increased, but, at the present time, forty-eight 
years after the onset of the disease, he has con- 
tinued ambulant and engaged actively in his 
occupation as a school teacher. 

Examination revealed gross weakness and 
wasting of the hip girdle musculature, quadri- 
ceps, and hamstrings. The abdominal muscles 
were weak, and he was unable to sit up with- 
out using his arms. When sitting on the floor, 
he could get up only by climbing up his legs. 
He walked with a markedly waddling gait and 
a pronounced lumbar lordosis. In the upper 
limbs, the shoulder girdles were relatively 
spared, but there was some wasting and weak- 
ness of the spinati and rhomboids. The biceps 
and triceps were grossly wasted and moderate- 
ly weak. Distally in the limbs, the musculature 
was fairly well preserved. All deep tendon re- 
flexes were absent. He had a mild myopathic 
facies and a nasal voice; these were of relative- 
ly recent development. Weakness of intercostal 
muscles led to respiratory difficulties, and he 
suffered with chronic bronchiectasis. There 
was electrocardiographic evidence of auricular 
flutter with a 4-to-1 block. 

III-7. W.R., aged 44. The onset of muscular 
weakness was first noted at the age of 4 years 
and has been very slowly but steadily pro- 
gressive. Now, forty years later, he has con- 
tinued to be ambulant and working in his own 
grocery store. Weakness began in the lower 
limbs, with difficulty in climbing stairs and the 
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development of lumbar lordosis and waddling 
gait. 

Examination revealed severe weakness of 
all the hip girdle musculature, quadriceps, and 
hamstrings, with moderate weakness and wast- 
ing distally in the lower extremities. In the 
upper limbs, the shoulder girdles were, again, 
relatively spared, apart from spinati, serrati, 
and rhomboids, and the upper limb muscles 
most particularly involved in weakness and 
wasting were the biceps and triceps. The fore- 
arm muscles were relatively spared. All deep 
tendon reflexes were absent. He had a mild 
myopathic facies and a nasal intonation to the 
voice; these were of relatively recent onset. He 
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+ was able to close his eyes. Lumbar lordosis 
“ by and dorsal scoliosis were marked, and, when 
3 he walked, his thoracic cage protruded mark- 
S : edly on the left side. 


IV-1. E.M. Muscular weakness and wasting 
began in the lower limbs at the age of 5 and 
was steadily progressive until his death at 
the age of 25 of cancer. He was ambulant and 
working at the time of his intercurrent, fatal 
illness. 

IV-16. O.H., aged 28. Muscular weakness 
and difficulty in walking commenced in the 
lower limbs at the age of 5 and have been 
steadily progressive. He became completely 
unable to walk at the age of 24, and his dis- 
ability may have been contributed to by the 
development of extreme obesity. There was 
severe wasting of the girdle musculature in 
the upper and lower limbs, which was dis- 
guised by his obesity. Muscular weakness was 
profound in the affected muscles. All deep ten- 
don reflexes were absent. 

IV-5. K.Y., aged 27. Muscular weakness in 
the lower extremities and difficulty in walking 
began at the age of 5, and the disease has been 
slowly progressive, affecting particularly the 
lower extremities and, to a lesser extent, the 
upper limbs. He is still able to work full time 
on a farm. 

On examination, there was weakness of the 
hip girdle musculature, flexion and abduction 
of the thigh being particularly involved. Some 


“4 


+80 
43 


Pedigree of family with X-chromosomal 
muscular dystrophy 
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wasting of the quadriceps muscles was noted, 
with mild loss of power. Power and mobility 
at the ankles were normal. He walked with 
a waddling gait and a moderate lumbar 
lordosis. The upper limbs showed some wast- 
ing at the shoulder girdle musculature, again 
with relative sparing of the deltoids and par- 
ticular involvement of the biceps and triceps 
muscles. The forearm muscles were of normal 
bulk and power. In the face, there was some 
tendency to a transverse smile. He was una- 
ble to whistle, but the orbicularis oculi mus- 
cles were of normal strength. There was some 
weakness of the sternomastoids. Deep tendon 
reflexes were all absent. 


IV-10. H.Y., aged 15. Muscular weakness 
and difficulty in climbing stairs was first no- 
ticed at the age of 5, but, apart from showing 
changes on examination, he has shown no dis- 
ability other than some difficulty in climbing 
stairs and some loss of agility, particularly ref- 
erable to the hip girdle musculature. 

On examination, there was weakness of the 
hip girdle musculature, particularly of thigh 
flexion and abduction. He walked with a wad- 
dling gait which had not yet fully developed. 
He had a mild lumbar lordosis. Some pseudo- 
hypertrophy of both calf muscles and of the 
infraspinatus and latissimus dorsi on each side 
was noted. Some wasting of the supraspinati 
and biceps and triceps muscles was found, 
but again the deltoids were well preserved. 
Deep tendon reflexes were entirely absent. 
There was no weaknss of facial musculature. 


IV-28. D.S.C., aged 8. Onset of weakness in 
the lower limbs, with difficulty in climbing, 
was noticed at age 4 and has been progressing 
slowly over the last four years. The physical 
findings were identical with those of H.Y. (IV- 
10), except for the absence of pseudohyper- 
trophy. He has continued to live a normal life 
as an active child. He has been fitted with 
braces, the reason for which was not apparent. 
Muscle biopsy (Armed Forces Institute of Pa- 
thology No. 944528) is reported as confirming 
the diagnosis of muscular dystrophy. 


V-2. S.E., aged 9. Onset of difficulty in 
climbing stairs and hills and weakness of the 
lower extremities began at age 5. He had po- 
liomyelitis at the age of 2, without sequelae. 
The weakness of the lower extremities has 
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been slowly progressive, and he has some dif- 
ficulty in getting up from the sitting posture, 
with a tendency to climb up his legs, and some 
difficulty in keeping up with other children his 
own age. 

On examination, he had a slight tendency 
to waddling, moderate lumbar lordosis, wast- 
ing and weakness of most of the hip girdle 
muscles, quadriceps, and hamstrings, and tight- 
ness of the heel cords. Weakness of the neck 
flexors and extensors and the spinati and gross 
wasting and weakness of the biceps and tri- 
ceps were found, with good preservation, as in 
the other patients, of the deltoids. Facial mus- 
culature was normal. All deep tendon reflexes 
were absent. There was some pseudohyper- 
trophy of the muscles of both calves. 


DISCUSSION 


On clinical grounds, there would seem little 
doubt that we are dealing with muscular dys- 
trophy of the Duchenne type. The inheritance 
is sex-linked, and the expected 50% of males 
suffer with the disease. It is entirely confined 
to the male members of the family. The age 
of onset in each case was within the first five 
years of life. Unusual is the low incidence of 
pseudohypertrophy, which is present to a 
slight degree in cases IV-10 and V-2. In none 
of the patients was this a prominent feature. 
The curious feature to which we would draw 
attention is the inordinately slow and benign 
course of the condition in this family. III-5 is 
ambulant and active as a school teacher some 
forty-eight years after the onset of his disease. 
III-7 is ambulant and able to carry on his 
business as a grocer some forty years after the 
onset of symptoms. IV-1, until his death from 
cancer at the age of 25 (twenty years after the 
onset of symptoms), was very little disabled. 
IV-5, twenty-two years after the appearance 
of muscular weakness, is working on a farm. 
Although the disease has been present for only 
ten years in IV-10 and four years in IV-28 and 
V-2, the family feels that the progress of the 
disability is running the same course in these 
boys as it did in their uncles. So stereotyped 
is this course that the mothers of 2 of the boys 
are preparing to have their heel cords length- 
ened according to a predicted schedule. This 
implies that the mode of expression of the re- 
sponsible gene, though varying considerably 
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from the usual, is absolutely constant from 
case to case in this family. 

Bell,’ in her analysis of 1,341 cases of mus- 
cular dystrophy, derived a figure for the mean 
age of onset of the sex-linked group of 5.4 
years and the mean age at death of 17 years, 
a total mean duration of the disease of twelve 
years. There was surprisingly little variability 
in the sex-linked, recessive group. Kostakow 
and Derix® reported muscular dystrophy af- 
fecting 14 members in 3 generations of a fam- 
ily, in all of whom the disease began in the 
second decade of life and 1 of whom survived 
to the age of 74, although the progress of the 
disease is not clear from the description. 

Walton and Nattrass*:®:7 noted that, in sev- 
eral patients with the Duchenne type of mus- 
cular dystrophy, the disease began somewhat 
later and ran a somewhat slower course than 
in the majority of the cases, and they re- 
marked that unusual features such as late age 
of onset tend to breed true in any one particu- 
lar family. 

Becker® supported an earlier suggestion by 
Lamy and deGrouchy to speak of X-chromo- 
somal muscular dystrophy, and he suggested 
that there were 2 types of this disease, the first 
falling into the category of the rapidly pro- 
gressive muscular dystrophy of young boys* 
and the second epitomized by a family he de- 
scribed, in which the disease ran a peculiarly 
indolent course. Becker's family included 14 
affected males in whom the disease was a sex- 
linked, recessive type and was characterized 
by its extremely slow progression. He realized 
that, apart from the late onset and the benign 
course of the disease, the clinical picture was 
identical with that of the hitherto recognized 
Duchenne type of progressive muscular dys- 
trophy of young boys. He felt that he was 
seeing a new disease, calling it “new X-chro- 
mosomal muscular dystrophy.” He further 
speculated that the new disease and the hither- 
to recognized, rapidly progressive muscular 
dystrophy represented different steps in the 
mutation of the same gene. Blyth and Pugh® 
also recognized that there were patients with 
sex-linked inherited muscular dystrophy, the 
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course of which was rather milder than that 
classically described in the Duchenne type, 
and on this basis proposed yet another classi- 
fication of the dystrophies. 

While it is true that some of the described 
families have deviated from the average in the 
age of onset or in the clinical course, neither 
of these features would seem sufficiently sig- 
nificant to warrant proposing a new disease. 
The requisites for inclusion in the diagnosis 
of the Duchenne type of muscular dystrophy 
have been arbitrarily imposed, and inclusion 
of these families under this heading involves 
only a minor broadening of the concept of 
what constitutes the Duchenne type. We would 
suggest that the term, “X-chromosomal muscu- 
lar dystrophy,” be used to embrace this broad- 
ened concept. 


SUMMARY 


Descriptions are given of 8 members of a 
family suffering with the Duchenne type of 
muscular dystrophy. The extraordinary slow- 
ness of progression of the disease, which ap- 
pears to be a characteristic feature in this fam- 
ily, is discussed. 


The authors thank Miss Alice E. Liggett for preparation of 
the manuscript. 
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The electroencephalogram during 
administration of 100% oxygen 
and of 5% carbon dioxide in 


patients with cerebral infarction 


Jaime Potes, M.D., and Charles E. Wells, M.D. 


CEREBRAL INFARCTION is often associated in 
man with the appearance of slow waves in 
the electroencephalogram. Study of these al- 
terations through serial electroencephalograms 
shows that, after an initial worsening of the 
record during the period immediately after on- 
set of an infarction, there is a delayed but sig- 
nificant diminution in this slow activity, so that 
in only a relatively small percentage of pa- 
tients are focal abnormalities present a year 
after the onset of the infarction.’-* 

Gibbs, Williams, and Gibbs,* using the 
Grass method for the Fourier transform of the 
electroencephalogram, reported that increase 
in the carbon dioxide content in the internal 
jugular blood was accompanied by a shift in 
the electroencephalographic activity toward 
the fast side of the spectrum. It was later dem- 
onstrated that breathing 5 to 7% carbon diox- 
ide produced a significant increase in cerebral 
blood flow in normal subjects* and a less con- 
stant augmentation in patients with cerebral 
arteriosclerosis,® observations which suggested 
its therapeutic use in cerebral vascular occlu- 
sive disorders. 

The question therefore arose as to whether 
inhalation of carbon dioxide affected slow 
wave activity appearing in the electroencephal- 
ogram following cerebral infarction. This prob- 
lem was studied in a small group of patients 
by Waltz, von Weiss, and Stevens,* who con- 
cluded that the inhalation of 7% carbon diox- 
ide “was accompanied by a statistically sig- 
nificant decrease in focal cerebral slow wave 
activity in 50% of the cases studied.” The aim 
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of the present investigation is to extend these 
observations to a larger number of patients 
and to assess the significance of these conclu- 
sions. 


METHOD 


A study was made of 36 patients with a 
diagnosis of cerebral infarction. They were ad- 
mitted to Bellevue Hospital, First and Second 
Medical Services, and The New York Hospital 
between November 1959 and March 1960. In 
2 subjects, observations were repeated on a 
second occasion. The diagnosis in each in- 
stance was supported by history, evolution, 
skull roentgenograms, and spinal fluid exami- 
nations. Their follow-up has justified the diag- 
nosis of cerebral infarction in each instance. 

For the initial electroencephalogram, uni- and 
bipolar recordings were made using a Grass 
Model III electroencephalograph. The initial 
record disclosed a unilateral focus of slow ac- 
tivity in most of the patients studied, though, 
occasionally, the slow activity was somewhat 
more diffuse. The quantity of slow activity 
varied considerably from subject to subject. 
The biopolar electrode arrangement which 
best displayed this slow activity was chosen 
for further studies. 

With the observer in the examination room 
and the patient supine. electroencephalograph- 
ic recordings were then made for periods of 
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three minutes under each of the following con- 
ditions: (1) patient breathing room air with- 
out a mask, (2) patient breathing 5% carbon 
dioxide and 95% oxygen through a mask held 
firmly in place over the nose and mouth by 
the examiner, and (3) patient breathing 100% 
oxygen through a mask held in place by the 
examiner. 

The order in which these recordings were 
carried out varied randomly from patient to 
patient. In 6 patients, breathing of 100% oxy- 
gen was omitted because the severity of their 
neurologic dysfunction demanded as brief a 
test period as practicable, and, in 1 subject, ad- 
ministration of 5% carbon dioxide was foregone 
for the same reason. 

A quantitative determination of the slow 
wave activity in the lead in which it appeared 
most prominently was then made for each of 
the test situations by the method described by 
Hoagland, Rubin, and Cameron.’ By this 
means, for no less than two minutes in each 
test situation, a line was measured by a map- 
measurer, the line passing through the central 
portion of all waves equal to or shorter in dura- 
tion than alpha waves while the line is drawn 
over the contours of crests and troughs of all 
waves 7 cycles per second and less in frequen- 
cy. The distance measured for each test condi- 
tion was then referred proportionately to 100 
cm. paper length (33% sec.). The length in 
excess of 100 cm. is arbitrarily defined as the 
“delta” or “disintegration” index. 

Thus, a delta index of 0.0 indicates that no 
activity slower than alpha is present, while the 
size of the delta index in the presence of slow 
activity is a rough guide to the quantity of 
theta and delta activity present. 


OBSERVATIONS 


The table lists the delta index for each sub- 
ject in a resting state while breathing room air, 
5% carbon dioxide and 95% oxygen, and 100% 
oxygen. Comparison of the delta indexes for 
the subjects while breathing room air and 
while breathing 5% carbon dioxide reveals that 
in only 7 instances out of 37 trials did breath- 
ing carbon dioxide result in an increase in the 
delta index, while, in 30 trials, it was associat- 
ed with a reduction in the delta index. Sub- 
mitting these figures to a statistical evaluation 
by means of a simple Sign Test reveals that 
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the likelihood of this reduction occurring by 
chance is less than 1%. More detailed statistical 
evaluation involving measurement of the pro- 
portion change in the delta index with 5% car- 
bon dioxide inhalation followed by a rank cor- 
relation of these figures also revealed that the 
likelihood of reduction in the delta index in 
this number of subjects occurring by chance is 
less than 1%. 

On the other hand, study of the delta in- 
dexes obtained with 100% oxygen inhalation 
compared to those obtained while the subjects 
breathed room air reveals that, in 15 of 32 in- 
stances in which 100% oxygen was adminis- 


DELTA INDEX 


Subject Room air 100% O, CO,495%0, 
1 51.7 - 43.5 
2 3.6 2.8 2.0 
3 10.6 - 3.3 
4 4.0 5.5 - 

5 23.7 27.4 26.7 
6 17.0 18.0 18.0 
7 24.0 16.8 19.7 
8 18.6 15.7 12.7 
9 21.6 24.7 19.0 
10 39.0 34.3 26.0 
11 10.0 - 7.7 
12 71.7 65.3 67.0 
13 11.7 - 9.0 
14 17.0 - 13.7 
15a 28.7 - 21.4 
7.0 3.7 6.7 
16 19.0 21.3 18.7 
17 1.7 2.0 0.7 
18 9.3 5.0 1.7 
19a 47.3 25.0 20.3 
bt 18.3 19.0 8.3 
20 19.7 26.0 16.0 
21 16.3 12.5 16.0 
22 39.3 25.7 29.7 
23 0.7 1.7 2.3 
24 28.0 22.3 22.3 
25 11.3 5.7 9.7 
26 3.0 5.0 5.0 
27 42.3 46.3 34.0 
28 21.3 15.7 18.0 
29 54.0 65.7 55.0 
30 17.7 18.0 16.3 
31 13.0 28.3 14.3 
32 14.0 10.3 11.0 
33 15.7 - 12.3 
34 14.7 14.3 18.0 
35 13.7 12.7 11.0 
36 4.7 1.7 3.0 


*EEG taken 5 days later 
+EEG taken 15 days later 
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Electroencephalogram from a patient with 
left hemiparesis and narrowing of right in- 
ternal carotid artery as shown by arteriogra- 
phy: [A] while breathing room air, [B] while 
breathing 5% carbon dioxide and 95% oxygen, 
and [C] while breathing 100% oxygen. 


tered, the delta index rose, while, in 17 in- 
stances, it fell during oxygen inhalation. Statis- 
tical evaluation of these changes by the meth- 
ods described show that the change produced 
by the 100% oxygen inhalation is statistically 
insignificant. 

Although administration of 5% carbon diox- 
ide caused a shift toward faster frequencies in 
a significant proportion of patients with slow 
activity secondary to cerebral infarction, this 
change was not usually apparent simply by 
visual examination of the electroencephalo- 
gram. In only 2 subjects was the reduction in 
slow activity clearly discernible by inspection 
of the electroencephalogram alone. The figure 
illustrates the reduction of slow activity dur- 
ing 5% carbon dioxide inhalation which was 
seen in one of these subjects. In most patients, 
however, only quantitative evaluation by de- 
termination of the delta index allowed an as- 
sessment of this shift in delta and theta activ- 
ity. 


DISCUSSION 


As seen in the table, there was a significant 
shift in the slow electrical cerebral rhythms 
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toward less abnormal frequencies, that is, to 
faster frequencies, when these patients with 
cerebral infarction breathed a mixture of 5% 
carbon dioxide and 95% oxygen. The delta in- 
dex under resting conditions varied in our pa- 
tients from 0.6 to 71.7, indicating the marked 
variation in quantity of delta activity from one 
yatient to another. Thus, a statistical evalua- 
tion comparing the median delta index at rest 
with that while breathing carbon dioxide was 
not valid in this instance. Rather, in this study, 
each patient served as his own control, so that 
primary concern was with the direction of 
change in the delta index with carbon dioxide 
inhalation rather than with the degree of shift. 
Our studies indicate that 5% carbon dioxide in- 
halation produces a diminution in the delta 
index in a significant proportion of patients 
with cerebral thrombosis. The likelihood of 
this change occurring by chance is less than 
1%. The statistical analysis used in the present 
series differs from that used by Waltz, von 
Weiss, and Stevens,® who compared the arith- 
metic mean of the delta index of their patients 
while under control conditions and while 
breathing 7% carbon dioxide. In their smaller 
but more homogeneous patient group, they 
then observed a statistically significant de- 
crease in slow activity in 50% of their patients. 
Our studies thus lend support to their previous 
observations. 

Changes in the cerebral circulation are 
known to modify the electrical activity of the 
brain. Although inhalation of carbon dioxide 
is known to produce significant increases in 
over-all cerebral blood flow, there is still little 
evidence to suggest that it specifically increas- 
es blood flow to the region in and around an 
infarction. Studies by Waltz, von Weiss, and 
Stevens® and those reported here demonstrate 
that carbon dioxide inhalation can, however, 
diminish the slow electrical activity in the re- 
gion of infarction. Whether this change signi- 
fies a clinically significant alteration in blood 
flow to the area of infarction is moot. In view 
of the study of Millikan,* which suggested 
that carbon dioxide inhalation might be of 
benefit clinically in patients with cerebral in- 
farction, and in view of the improvement in 
the electroencephalogram in patients with cer- 
ebral infarction while breathing carbon diox- 
ide, it appears important to determine defini- 
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tively by further controlled studies whether the 
inhalation of carbon dioxide is of therapeutic 
benefit in cerebral infarction. 


SUMMARY 


The effect of breathing pure oxygen and of 
breathing 5% carbon dioxide and 95% oxygen 
upon the slow wave electroencephalographic 
activity which follows cerebral infarction was 
studied. The delta index of Hoagland, Rubin, 
and Cameron,‘ a quantitative determination of 
slow activity, was determined in 36 patients 
while breathing room air, 100% oxygen, and 
5% carbon dioxide and 95% oxvgen. Admin- 
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istration of 100% oxygen caused no significant 
change in the delta index, while the delta in- 
dex was reduced by the administration of 5% 
carbon dioxide in 30 of 37 trials, that is, the 
activity became less abnormal (significant to 
the 1% level). Since carbon dioxide increases 
over-all cerebral blood flow and reduces the 
slow wave electroencephalographic abnormali- 
ties following infarction, it is important to de- 
termine definitively if carbon dioxide is of 
clinical benefit in patients with cerebral infare- 
tion. 
The authors are greatly indebted to Mrs. Carol Lynch, 


electroencephalography technician at Bellevue Hospital, for 
her technical assistance in these studies. 
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The effect of venous pressure on oxygen 


availability in cerebral tissue 


Philip E. Duffy, M.D., and Francis $. Caliva, M.D. 


THE PRECISE ROLE of venous pressure as a de- 
terminant of oxygen availability and blood flow 
in cerebral tissue has not been established. 
Cerebral blood flow generally is considered to 
be a function of the arterial pressure, the vas- 
cular resistance, and the venous pressure; how- 
ever, many investigators believe that moderate 
elevation of venous pressure would be unlikely 
to significantly decrease cerebral blood flow.’ 
On this basis, one would expect that a rise in 
venous pressure would not appreciably lower 
local oxygen availability. On the other hand, 
other work has shown that elevation of venous 
pressure locally in brain tissue induces anoxia 
and infarction.® It seemed desirable to deter- 
mine whether a general increase in venous 
pressure in the head would similarly affect 
oxygen availability or adequacy of cerebral cir- 
culation. 


METHOD 


A total of 24 mongrel dogs were anesthe- 
tized with intravenous chloralose and urethane 
(30 mg. per kilogram) or, in a few animals, 
pentobarbital (30 mg. per kilogram). The 
trachea was intubated and connection estab- 
lished with a mechanical respirator. The left 
external jugular vein was exposed, and the 
proximal segment was ligated while a polyeth- 
ylene catheter was introduced cephalad into 
the distal section. Venous pressure was record- 
ed via a P-23B Statham strain gauge and a 
Grass Polygraph Recorder. Exposure of the 
right femoral artery and introduction of a poly- 
ethylene catheter passed up into the aorta per- 
mitted connection to a blood reservoir for stab- 
ilization of blood pressure. A reservoir jacket 
with circulating water maintained exchanged 
blood at body temperature as described in 
another publication.® A polyethylene catheter 
in the left femoral artery was connected to a 
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Statham P-23A strain gauge for continuous 
recording of blood pressure. 

Bur holes were made in the frontal or pari- 
etal skull areas, and the arachnoid was in- 
cised, thus minimizing any sustained rise in 
cerebrospinal fluid pressure. From 2 to 5 plat- 
inum Teflon-coated electrodes, .008 in. (No. 
32 gauge), with bare tip 2 mm. in length 
were implanted at random sites including the 
cortex and subcortical white matter to a depth 
of 8 to 10 mm. The indifferent silver—silver 
chloride electrode was introduced into the sub- 
cutaneous tissue of the shoulder. 

A thoracotomy was performed with expo- 
sure of superior and inferior venae cavae. An 
adjustable ligature was placed on each of 
these vessels, permitting varying degrees of 
constriction. 

In 5 additional animals, craniotomy includ- 
ed exposure of the superior longitudinal sinus 
and introduction of a polyethylene catheter 
via this sinus posteriorly into the torcular to 
obtain venous samples. Arterial samples were 
drawn from the femoral artery for determina- 
tion of oxygen saturation employing a Waters 
Double Scale Cuvette Oximeter calibrated 
against Van Slyke determinations. 


RESULTS 


Constriction of the superior vena cava be- 
low the origin of the azygos vein consistently 
resulted in elevation of venous pressure and 
decrease in oxygen availability. When constric- 
tion of the superior vena cava was performed 
above the azygos vein, a similar response oc- 
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curred but was not sustained and levels grad- 
ually returned toward normal. 

The typical pattern of polarographic elec- 
trode response to clamping of the superior 
vena cava proximal to the azygos vein in 14 
preparations in which the blood pressure was 
stabilized is illustrated in Figure 1. The very 
prompt decline in oxygen availability in re- 
sponse to rising venous pressure is evident. 
The changes ultimately reached plateau levels 
and were maintained for over one hour in 
some instances. The venous pressure and oxy- 
gen levels did not return toward normal with- 
out deliberate lowering of venous pressure by 
decreased constriction of the vena cava. The 
highest level of venous pressure induced was 
600 mm. H,O, but some lowering of oxygen 
availability was maintained by an elevation of 
only 50 mm. H,O above control level. Since 
the response of the oxygen electrode varied in 
different preparations with the inhalation of 
100% oxygen or equal rise of venous pressure, 
it was not possible to accurately compare 
changes from 1 animal to another. In any sin- 
gle preparation, however, it was found that a 
definite correlation existed between the chang- 
es in oxygen availability and venous pressure. 
Thus, expressing oxygen changes as per cent 
of rise achieved when the animal was respirat- 
ed on 100% oxygen, a correlation of coefficient 
between elevation of venous pressure and de- 
crease in oxygen availability was calculated for 
each preparation (Table 1). In general, the 


decrease in oxygen availability achieved with 
venous pressure elevations of 400 mm. H,O or 
more was greater than that obtained by respir- 
ating the animal on 10% oxygen. 

In order to study effect of venous pressure 
elevation when blood pressure is not stabilized, 
a comparison of changes during superior vena 
cava versus inferior vena cava compression 
was carried out. Blood pressure decrease oc- 
curred in both circumstances, but venous pres- 


TABLE 1 
CORRELATION COEFFICIENTS BETWEEN ELEVA- 
TION IN VENOUS PRESSURE AND DECREASE IN 
OXYGEN AVAILABILITY IN 14 PREPARATIONS IN 
WHICH BLOOD PRESSURE WAS STABILIZED 


Correlation 
coefficient 
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Fig. 2. Graph illustrating po- 
larographic response associat- 
ed with elevated venous pres- 
sure and indicating simultane- 
ous arterial and venous oxy- 
gen saturation. A = arterial 
oxygen saturation. V=venous 
oxygen saturation. VP=ve- 
nous pressure. C=constriction 
of superior vena cava. R= 
release of superior vena cava. 
Arrows indicate time in sec- 
onds elapsing during constric- 
tion and release. Oxygen avail- 
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sure elevation was induced only during superi- 
or vena Cava compression. It was found that, 
with constriction of the superior vena cava 
causing lowering of blood pressure equal to 
that induced by constriction of the inferior 
vena cava, the decrease in oxygen availability 
was always greater during superior vena cava 
constriction. Thus, when arterial blood pres- 
sure is not stabilized, it can again be shown 
that some factor other than arterial pressure 
drop is active in lowering oxygen availability 
during superior vena cava constriction. It is 
suggested that the elevation in venous pressure 
is responsible. 

In order to be sure that some other factor is 
not active, a number of other procedures were 
carried out. The possible role of alterations in 
cardiac output in the pattern of response was 
studied in 2 animals. In the first, the cardiac 
output during superior vena Cava compression 
was 1.4 liters per minute, and, during inferior 
vena cava compression, it was 1.39 liters per 
minute. In a second animal, the output was 
higher (2.07 liters per minute compared to 
1.54 liters per minute) during superior vena 
cava compression even though the observed 
fall in oxygen availability was greater. The 
typical pattern of response, that is, oxygen fall 
with venous pressure rise, also occurred un- 
changed after atropinization of 1 animal. In 
another dog, simple distention or collapse of a 
segment of the superior vena cava without 
elevation of venous pressure failed to affect 
oxygen availability. 
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meter rise and fall above or 
below arbitrary base line. 


On 11 occasions in 5 dogs, the arterial and 
venous oxygen saturations were compared be- 
fore and after superior vena cava compression. 
The characteristic response is illustrated in 
Figure 2. Over-all results are shown in Table 
2, where the venous pressure levels and dec- 
rements in polarographic recording are also 
included. It is clear that elevation of venous 
pressure is accompanied by concomitant fall 
in both venous oxygen saturation and level of 
polarographic recording except in those in- 
stances in which venous samples were drawn 
from the external jugular vein. 


DISCUSSION 


Moyer, Miller, and Snyder* have demon- 
strated that elevation in venous pressure elicit- 
ed by placing a cuff around the neck does not 
significantly alter total flow as measured by 
the nitrous oxide technic. In some earlier ob- 
servations, we noted that a cuff placed around 
the neck of a dog or compression of the superi- 
or vena cava without occlusion of the azygos 
vein caused an elevation in venous pressure 
and a drop in oxygen availability, but neither 
change was sustained. We surmised that return 
of venous blood might, in these instances, con- 
tinue via the cervical vertebral venous plexus. 

In the studies of Henry and associates? in 
men exposed to centrifugal forces, it was sug- 
gested that the decrease in venous pressure 
might sustain cerebral blood flow by maintain- 
ing the arteriovenous pressure difference and 
by passive cerebral vasodilation. 
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VENOUS PRESSURE AND O AVAILABILITY IN CEREBRAL TISSUE 


The work of Denny-Brown, Horenstein, and 
Fang* on cerebral infarction produced by ve- 
nous distention points to the importance of the 
venous pressure in determining areas of is- 
chemia. They concluded that the phenome- 
non might result from spasm of the small ar- 
terial vessels secondary to the so-called Bayliss 
effect. 

Our polarographic data indicate that there 
is a close correlation between rising venous 
pressure and decrease in oxygen availability in 
cerebral tissues. This suggests a decrease in 
the ratio of cerebral blood flow to metabolic 
demand. The polarographic recordings showed 
further that a reduction in oxygen level oc- 
curred even in the earliest phases of the rising 
slope of venous pressure, thus indicating that 
the mechanism involved is very rapid and re- 
sponsive to small increases in venous pressure. 

Since the reciprocal of the cerebral arterio- 
venous oxygen difference represents the ratio 
of cerebral blood flow to metabolic demand,* 
our oxygen saturation results support the po- 
larographic data and point to a generalized 
change in the brain. Our results (Table 2) in- 
dicate a decrease in this ratio. However, when 
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venous samples were drawn from the external 
jugular vein, an increase in oxygen saturation 
was detected with elevation of venous pres- 
sure, possibly indicating the presence of ar- 
teriovenous shunts in the extracranial circula- 
tion. 

The polarographic changes cannot be ex- 
plained by the concomitant falls in mean blood 
pressure since similar changes occurred in the 
animals in which blood pressure had been 
stabilized. Comparisons of superior and inferi- 
or venae cavae constrictions also show that 
some factor other than blood pressure induces 
the decrement in oxygen availability. 

It was also demonstrated that the relation- 
ship between venous pressure and oxygen 
availability was not due to changes in cardiac 
output, to reflex response subject to blocking 
by atropine or depression by pentobarbital, or 
to local reflexes from distention or collapse of 
the superior vena cava segment. It is improba- 
ble that any significant sustained elevation 
of cerebrospinal fluid pressure occured. Ac- 
cording to Kety, Shenkin, and Schmidt® and 
Wolff,'° a moderate increase in cerebrospinal 
fluid pressure probably would not alter cere- 


TABLE 2 
CHANGES IN ARTERIAL AND VENOUS OXYGEN SATURATION AND POLAROGRAPHIC 
RESPONSES ASSOCIATED WITH ELEVATION IN VENOUS PRESSURE 
SECONDARY TO SUPERIOR VENA CAVA COMPRESSION 


Venous 
Dog 


% arterial 


% venous oxygen 


O, electrode 


pressure oxygen saturation decrement as % of 
Run number number (mm. H,O) saturation (torcular blood) 100% O, response 
Control 1 90 85 28 

Run 1 1 200 22 25 

Run 2 1 200 22 16 
Control 2 110 97 62 

Run 3 2 600 99 31 32 

Run 4 3 300 96 42 13 

Run 5 2 480 22 22 
Control 3 80 96 39 

Run 6 3 435 97 17 Ad 

Run 7 3 495 Below scale 56 
Control 4 150 91 51 

Run 8 4 420 88 29 15 

Run 9 4 600 90 34 17 
Control 5 98 83 42° 

Run 10 5 600 70 52° 40 

Run 11 5 500 70 55° 38 


*Samples from external jugular vein rather than torcular 
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bral blood flow. It seems unlikely that the 
observed decrease in oxygen availability was 
secondary to generalized cerebral vasoconstric- 
tion due to sympathetic stimulation other than 
possible local responses in vessel walls.!!-! 

It is possible that the increased venous pres- 
sure in our animals induced elevated tissue 
CO,. Kety and Schmidt'* have shown that 
cerebral oxygen consumption is not significant- 
ly altered by inhalation of 5 to 7% carbon 
dioxide, and there is no reason to think that 
pCO, elevation would cause the cerebral met- 
abolic rate of oxygen to increase though it 
may induce noxious effects on the brain.'°-!7 
Therefore, the lowered oxygen availability in 
our experiments was most probably not due to 
this cause. 

The polarographic recordings were expressed 
in many instances as a percentage of response 
to 100% oxygen to obtain a base line for re- 
sponsiveness of electrodes but not to imply 
absolute oxygen values. Nevertheless, oxygen 
decrements with venous pressure elevations of 
400 mm. H,O or more are probably consider- 
able since these were generally greater than 
the decreases caused by inhalation of 10% oxy- 
gen. Further support for this is derived from 
the arteriovenous oxygen saturation data. It 
is equally important to note that, with lesser 
elevations of venous pressure, there are cor- 
respondingly smaller but nonetheless constant 
decrements in oxygen availability. 

Our data do not clarify the precise mecha- 
nism whereby oxygen availability is altered by 
changes in level of venous pressure. They do 
make clear the inverse relationship between 
these two factors and emphasize the probable 
effect of venous pressure elevation on cerebral 
blood flow. 

Though no clinical applications were sought 
in the study, the effects noted might well have 
some bearing on the cerebral symptoms in the 
superior vena cava syndrome, in cardiac fail- 
ure, or in complications of the bypass technic 
in open heart surgery, particularly should a 
simultaneous fall in blood pressure occur. 


CONCLUSIONS 


1. Elevation of venous pressure is accom- 
panied by a decrease in the ratio of cerebral 
blood flow to cerebral metabolic rate of oxy- 
gen. 


2. This change probably represents a de- 
crease in cerebral blood flow. 


3. A number of hemodynamic factors other 
than venous pressure elevation were excluded 
as responsible mechanisms. 


Cardiac outputs were performed by Drs. Robert Eich and 
Harold Smulyan. 

Oxygen saturations were performed in the laboratory of Dr. 
Howland Auchincloss. 

The authors wish to acknowledge with appreciation the 
technical assistance of Miss June Boyke, Mr. Tony Pombo, 
and Miss Madeline Tuori. 
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BOOK 


Le Cortex Cerebral. 
Etude Neuro-Psycho-Pathologique 


by J. De Ajuriaguerra and H. Hécaen, 2d 


ed., 458 pp., ill., Masson et Cie, Paris, 1960. 
46 NF. 


The first edition of this work appeared in 1949. 
This volume is a revised second edition which 
follows the same plan but is brought up to 
date in the light of advances made during the 
past decade. In an interesting introductory 
chapter, the changes in concepts and ideas on 
localization of functions in the cerebral cortex 
are rapidly reviewed. The authors underscore 
the emancipation from older notions of ge- 
ometric localization of parcellate functions and 
emergence of the holistic envisagement of 
organism and of the structural substrata of 
functions. The book consists of two parts. 
Following the tradition of the French school, 
the authors review the disorders associated 
with cortical lesions in the framework of “syn- 
dromes.” In the first part, they discuss the 
pathology, anatomy, and physiology of symp- 
tom complexes associated with involvement in 
the frontal, Rolandic, callosal, parietal, tem- 
poral, and occipital areas of the brain. In the 
second part, the problems of physiology and 
psychopathology of aphasias, apraxias, artere- 
ognosis, auditory and visual agnosias, and dis- 
orders of experience of bodily self (somatag- 
nosia) are discussed. The chapter on disorders 
associated with lesions of the parietal lobe, 
based on the authors’ personal studies, is par- 
ticularly instructive. Otherwise, the book con- 
tains no original contributions and represents 
a review of a wide field of literature on anat- 
omy, physiology, and pathology of the cortex. 
With characteristic clarity, the book introduces 


7) 


REVIEWS 


to the French student the significant contribu- 
tions of the English and American schools of 
anatomy and physiology. It may be recom- 
mended to American neurologists and psy- 
chiatrists who have command of reading 
French and who wish to acquaint themselves 
with the orientation and current trends of clin- 
ical thinking in France as these trends reflect 
the newer discoveries in anatomy and _ physi- 
ology of the cerebral cortex. 


O.S.M.M. 


Predisposition to Postvaccinal Encephalitis 


by E. J. W. Kenter, 160 pp., Elsevier Pub- 
lishing Co., Amsterdam, 1960. $9.50. 


This book reports a study of the effect of vari- 
ous factors in the genesis of postvaccinal en- 
cephalitis. Especial emphasis is placed on con- 
stitutional factors in general and status dysra- 
phicus in particular. There is a short historical 
survey of the occurrence of smallpox, the de- 
velopment of variolation and vaccination, and 
the recognition of postvaccinal encephalitis. 
The effects of religious concepts, military 
needs, and political pressures on laws regard- 
ing vaccination are of interest. There is a re- 
view of the clinical and pathologic aspects of 
postvaccinal encephalitis. 

The author reports the study of 109 cases of 
postvaccinal encephalitis in 107 families, in- 
cluding the study of 3 generations of the fam- 
ily of each patient. Families of a control group 
were similarly studied. In families of the en- 
cephalitis group, there was greater incidence 
of various neurologic diseases and of status 
dysraphicus than in families of the control 
group. This was not true when the groups 
were compared for allergic, endocrine, medi- 
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cal, and certain other diseases. (It should be 
pointed out that the control group was selected 
from the city of Utrecht, while the encephalitis 
group occurred at random in various city and 
rural locations.) The author suggests that there 
are implications referable to the possibility of 
diminishing the dangers of vaccination. 

j.R.B. 


Biochemical Aspects of Neurological Disorders 


edited by John N. Cumings and Michael 
Kremer, 230 pp., ill., Charles C Thomas, 
Springfield, Ill., 1960. $8.75. 


This volume constitutes 20 lectures given by 
19 British neurologists and chemical pathol- 
ogists during 1957-58 at the National Hospital, 
Queen Square, London. The lectures were 
designed to bring together clinical and _bio- 
chemical aspects of various neurologic dis- 
orders not readily available in textbooks. In 
general, the book adheres to the plan of pre- 
senting biochemical facets in one chapter, 
followed by a second on the clinical consider- 
ations. As in most such multiauthored works, 
there are some overlaps and some omissions as 
well as variations in the levels at which sub- 
jects are discussed—all of which the editors 
recognize in their preface. 

Some of the chapters are very good: Sir 
Rudolph Peters on the vitamin B group of 
disorders and J. D. Spillane on clinical aspects 
of the same; C. Rimington on biochemical 
aspects of porphyrin disorders; D. Richter on 
biochemical aspects of anoxic and hypogly- 
cemic states and D. Williams on clinical as- 
pects of the same; and B. McArdle on bio- 
chemical aspects of muscle disorders. The other 
chapters are reasonably adequate without en- 
gendering the same enthusiasm: demyelinizing 
diseases (R. H. S. Thompson, biochemistry; 
Sir Charles Symonds, clinical), clinical aspects 
of porphyrins (J. St. C. Elkington), calcium 
and phosphorus metabolism (W. W. Payne, 
biochemical; P. K. Robinson, clinical), copper 
metabolism (J. N. Cumings, biochemical; R. 
Kelly, clinical), biochemistry of coma (N. F. 
Maclagan), neurologic disorders in liver dis- 
eases (M. Kremer), pituitary and adrenal 
disorders (F. T. G. Prunty, biochemical; J. D. 
N. Nabarro, clinical), disorders of lipid metab- 
olism (J. N. Cumings, biochemical; P. Sandifer, 


NEUROLOGY 


clinical), and clinical aspects of muscle dis- 
orders (J. Marshall). 

In evaluating this volume, one is struck by 
several rather surprising omissions: epilepsy 
is barely mentioned and phenylketonuria is not 
considered at all; galactosemia receives a very 
cursory coverage; the recent advances in neural 
lipid biosynthesis and the role of glial cells 
in myelinization command little if any atten- 
tion in discussions of either demyelinization or 
the lipidoses; glycogen storage diseases of 
muscle are not included; and the problems of 
fluid and electrolyte balances in the central 
nervous system are not touched upon. Since 
the editors acknowledge no attempt at com- 
pleteness, the foregoing must not be construed 
as criticism of the book but merely an indica- 
tion that only certain facets of this very broad 
field have been included. The brevity of many 
of the chapters is generally commendable but 
often presupposes considerable background 
knowledge which might have been helpfully 
included. Within inherent limitations, the book 
should prove a useful reference for the neu- 
rologist, clinician, and investigator alike. 

D.B.T. 


Slice Reconstructions of 
Human Cerebral Sections 


by Wendell J. S. Krieg, Professor of Anat- 
omy, Northwestern University School of 
Medicine, ill., Brain Books, Evanston, IIl., 
1960. $1. 


To be an anatomist and to have the acute sense 
of form is natural, but to possess the feeling 
of an artist for the form is not common. This 
atlas of 22 plates of coronal sections of the 
human cerebral hemisphere presented in draw- 
ings from Weigert sections on the right hand 
page and reproduced in exquisite relief draw- 
ings, which are trademarks of Professor Krieg’s 
scientific publications in anatomy of the nerv- 
ous system, is both interesting and instructive. 
Five pages of supplementary drawings eluci- 
dating the details at different levels and dia- 
grams of location of sections on mediolateral 
and basal aspects of the hemisphere are added. 
Each drawing of histologic section and its re- 
construction in relief drawing are accompanied 
by explanatory text. 


P.LY. 
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DRUG-INDUCED PARKINSONISM IS ON THE RISE, 
reflecting the growing use of potent tranquilizers. 
These extrapyramidal disturbances may be reduced 
by lowering tranquilizer dosage. 


*“‘It is almost always preferable, however, to merely add oral 
AKINETON®. . . since this avoids the risk of loss of therapeutic 
benefit and permits uninterrupted phenothiazine therapy.” 


AKINETON’ 


BRAND OF BIPERIDEN 


a prompt, specific countermeasure to drug-induced akinesia 
motor restlessness - akathisia - torticollis - oculogyric crises - chorea 


remarkably safe — “Akineton was not responsible for a 
single dangerous or toxic effect in the 500 patients treated.” * 


Dosage: Doses required to achieve the therapeutic goal are variable and 
individually adjusted. The following are average doses. 


Drug-induced extrapyramidal disorders 
1 tablet (2 mg.) one to three times daily 


Parkinson’s disease 
1 tablet (2 mg.) three or four times daily 


AKINETON hydrochloride tablets—2 mg., bisected, bottles of 100 and 1000. 


*ayd, Frank J., Jr.: Drug-induced Extrapyramidal Reactions: Their Clinical Mani- 
festations and Treatment with Akineton. Psychosomatics 1:143 (May-June) 1960. 


KNOLL PHARMACEUTICAL COMPANY, ORANGE, NEW JERSEY 
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will help lift the depressive 
state and bring your. patients 
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available on re- 
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MODEL M2 
ELECTROMYOGRAPH 


presenting a new technique 
for the analysis of biological phenomena. 


Two independent channels. 
Visual presentation on two-beam oscilloscope. 
Audible presentation on loud speaker. 
Magnetic tape record. 

20-1 playback to graphic recorder. 


write for descriptive 
literature and prices on: 


ELECTROMYOGRAPHS 
ELECTROENCEPHALOGRAPHS 
STRAIN GAGE AMPLIFIERS 
RECORDER PAPER 
ELECTRODES 

SHOCK THERAPY EQUIPMENT 


¢ 


MEDCRAFT ELECTRONIC CORP. 


designers and manufacturers of diagnostic 
and therapeutic equipment for the medical profession ee 


— GREAT EAST NECK ROAD, BABYLON,N.Y. 
TEL. MOHAWK 9-2837 ADDRESS MAIL TO BOX 1006, BABYLON, N. Y. 
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With proper medical management and adequate 
control of seizures, epileptic persons may lead pro- 
ductive, functioning lives.'* To implement this goal, 
many clinicians have come to rely on Ditantin for 
outstanding control of grand mal and psychomotor 
attacks. For example, when DILANTIN was adminis- 
tered to 12 patients,’ all but one remained seizure- 
free in the hospital after the diphenylhydantoin 
blood level had reached its maximum. This patient 
experienced a single convulsion but had “...no 
further seizures during the subsequent three and 
DILANTIN a half months of observa- 
tion.’’ DILANTIN SODIUM 

SODIUM KAPSEALS® 
HELPS KFEP (diphenylhydantoin sodium, 
Parke-Davis) is available in 
HIS SEIZURES several forms, including 
IN CHECK Kapseals, 0.03 Gm. and 0.1 
Gm., bottles of 100 & 1,000. 
other members of the PARKE-DAVIS FAMILY OF ANTICONVULSANTS 
for grand mal and psychomotor seizures: PHELANTIN® 
Kapseals (Dilantin 100 mg., phenobarbital 30 mg., 
desoxyephedrine hydrochloride 2.5 mg.), bottles of 
100. for the petit mal triad: Mitontin” Kapseals 
(phensuximide, Parke-Davis) 0.5 Gm., bottles of 
100 and 1,000; Suspension, 250 mg. per 4 cc., 
16-ounce bottles - Cetontin® Kapseals (methsuxi- 
mide, Parke-Davis) 0.3 Gm., bottles of 100. 
ZARONTIN’ Capsules (ethosuximide, Parke-Davis) 
0.25 Gm., bottles of 100. See medical brochure for 
details of administration, precautions, and dosage. 


(1) Carter, S.: M. Clin. North America 37:315, 1953. 


(2) Maltby, G. L.: J. Maine M. A. 48:257, 1957. | PARKE-DAVIS 


(3) Buchthal, F.; Svensmark, O., & Schiller, P. J.: Arch. 
Neurol. 2:624, 1960. PARKE, DAVIS & COMPANY, Detrod 32, Michigan 
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THERAPEUTIC INDEX 


‘MIYSOLINE? 


BRAND OF PRIMIDONE 


IN EPILEPSY 


Indications: In the control of grand mal and 
psychomotor seizures. 


Usual Dosage: Patients receiving no other 
anticonvulsants— Adults and Children 
(over 8 years): 1 tablet (0.25 Gm.) 

daily (preferably at bedtime) for 1 week. 
Increase by 1 tablet daily each week, until 
control. Dosage exceeding 2 Gm. daily 
presently not recommended. Chi/dren under 
8 years: Order of dosage same as for 
adults, but start with 4 tablet (0.125 Gm.) 
daily and increase by 2 tablet daily each 
week, until control. (Where a smaller starting 
dose is required, use 50 mg. tablet.) 


Patients already receiving other anti- 
convulsants— Adults and Children 

(over 8 years): 0.25 Gm. daily, and 
gradually increased while the dosage of the 
other drug(s) is gradually decreased. 
Continued until satisfactory dosage level is 
achieved for combination, or until other 
medication is completely withdrawn. 
Children under 8 years: \nitially one-half 
the adult dose, or 0.125 Gm. daily. Gradual 
increases and decreases as described in 
adult regimen. (Where a smaller starting 
dose is required, use 50 mg. tablet.) 


When therapy with ‘‘Mysoline’”’ alone is 
the objective, the transition should not be 
completed in less than two weeks. 


Precautions: Side reactions, when they 

occur, are usually mild and transient, tending 
to disappear as therapy is continued or as 
dosage is adjusted. Commonly reported side 
effects are drowsiness, ataxia, vertigo, 
anorexia, irritability, general malaise, nausea 
and vomiting. No serious irreversible toxic 
reactions have been observed. (Occasionally, 
megaloblastic anemia has been reported 

in patients on ‘‘Mysoline.’’ The condition is 
readily reversible by folic acid therapy, 

15 mg. daily, while ‘‘Mysoline”’ is continued.) 
As with any drug used over prolonged periods 
of time, it is recommended that routine 


laboratory studies be made at regular intervals. 


Supplied: No. 3430—‘‘Mysoline”’ Tablets— 
Each scored tablet contains 0.25 Gm. (250 
mg.) of Primidone, in bottles of 100 and 
1,000. No. 3431—‘‘Mysoline” Tablets— 
Each scored tablet contains 50 mg. of 
Primidone, in bottles of 100 and 500. 


Also available: No. 3850 —‘‘Mysoline”’ 
Suspension — Each 5 cc. (teaspoonful) 
contains 0.25 Gm. of Primidone, in bottles 
of 8 fluidounces. 6126 


How to make 


your money 
grow up with 
your family 


They’ll need more than money. They’Il 
need a peaceful world to grow up in. US. 
Savings Bonds are shares in a stronger Amer- 
ica. Buying them helps your country assure 


freedom’s security. 


The only bills that don’t grow 
right along with your kids are dol- 
lar bills. But you can make your 
dollars grow too — by investing 
them in U.S. Savings Bonds. Say 
you start to put $6.25 a week into 
U.S. Savings Bonds when your 
daughter is three years old. By the 
time she’s in high school—and 
wants shoes and dresses and the 
beauty shop for herself instead of 
for her doll—you’ll have close to 
$3,900 to help you meet these 
“growing-up expenses.”’ And over 
$600 will be earned interest. 


Why U.S. Savings Bonds 
Make Good Saving Sense 


+ You invest without risk - You now 
earn 334% interest to maturity - 
You can save automatically on the 
Payroll Savings Plan « You can buy 
Bonds at any bank - Your Bonds are 
protected against loss, fire, even theft 
- You can’t lose your money - You 
save more than money—you buy 
shares in a stronger America. 


You save more 
than money with 
U.S. Savings Bonds 


This advertising is donated by The 
Advertising Council and this magazine. 


| 
| 
| 
44 
| 2 
i= 
ANNIVERSARY 
196! 


Clinically Proven 


in more than 750 published clinical studies 
and over six years of clinical use 


Outstandingly Safe 
and Effective 


for the tense and 
nervous patient 


1 simple dosage schedule relieves anxiety 
dependably — without the unknown 
dangers of “new and different” drugs 


9) does not produce ataxia, stimulate the 
appetite or alter sexual function 


3 no cumulative effects in long-term 
therapy 


Ae not produce depression, 
Parkinson-like symptoms, jaundice 
or agranulocytosis 


5 does not muddle the mind or affect 
normal behavior 


Usual dosage: One or two 400 mg. tablets t.i.d. 
Supplied: 400 mg. scored tablets, 200 mg. sugar-coated 


tablets; bottles of 50. Also as MEPROTABS*—400 mg. ca 
unmarked, coated tablets; and in sustained-release ® 
capsules as MEPROSPAN®-400 and MEPROSPAN®-200 ] OW ] i 
(containing respectively 400 mg. and 200 mg. meprobamate). 


* TRADE-MARK meprobamate (Wallace) 


WALLACE LABORATORIES / Cranbury, N. J. 


CM-4731 
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SQUARE WAVE CALIBRATOR 


FREQUENCY CAL VOLTAGE 
20.52 100 
SPECIFY 


BAT out 
OFF ON EXT bv MV 42.-3, cane 


GRASS 
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GRASS INSTRUMENT CO 
USA 


MODEL SWC-1 


SQUARE WAVE CALIBRATOR 


© Provides calibration voltages whose on-off symmetry can be adjusted 
tot 1%. 


o Voltages - in steps from 2 microvolts to 1,000 millivolts, with + 2% 
accuracy. 


o Maximum output of 4.89 volts, peak to peak also available. 


o Calibrated sine waves possible by connecting sine wave oscillator to 
alternate input of 1.73 volts, RMS. 


o Frequencies - 0.5, 5, 50, and 500 cycles per second, with + 5% 
accuracy. 


o For use with all Grass Physiological Preamplifiers, EEG's, Model 5 
Polygraph, and Unit Integrator. 


o Can be connected to input of any commercial CRO or other recorders. 


GRASS INSTRUMENT COMPANY 


101 OLD COLONY AVENUE - QUINCY, MASS. 


INSTRUMENT MAKERS TO THE MEDICAL PROFESSION SINCE 1935 
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